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ABSTRACT
Several experiments were conducted to evaluate the influence of
various lipids on laying hen cholesterol metabolism.

Hens of equal

age and production status were used and housed in individual cages
with individual feeders.

Main responses measured were yolk, liver and

serum cholesterol, and fatty acid composition of serum cholesterol
esters.

Preliminary results showed a significant linear yolk

cholesterol increase on day 9 with 0, 0.5, and 1% dietary cholesterol.
Added levels of up to 4% cholesterol for 21 days failed to
significantly increase further yolk cholesterol.

Serum cholesterol

was unaffected. In six subsequent experiments, the following lipid
comparisons were made with or without 1% dietary cholesterol: one,
hydrogenated coconut oil (HCO), lard and tallow; two, HCO, safflower
oil (SO) and olive oil (00); three, coconut oil (CO), 00 and SO; four
and five, SCH-00 and 00+TO respectively at 8-0, 6-2, 4-4, 2-6 and 0-8%
combinations; six, tripalmitin (TP) and TO at 0 and 9% levels.
lipids themselves did not affect most variables measured.

The

Dietary

cholesterol significantly increased yolk and liver cholesterol with
all lipids used.

With cholesterol, HCO versus 00 and SO, and TP

versus TO promoted significantly higher yolk cholesterol.

Likewise,

liver cholesterol was increased by TP but the opposite was true with
HCO or SO as compared to 00, lard and tallow.
00-T0 mixture depressed liver cholesterol.

Increasing TO in the

Cholesterol significantly

Increased serum cholesterol (total, ester, free) and most esters
particularly cholesterol oleate (CIS:1) but ester/free ratios were
unaffected.

With cholesterol, 00 promoted higher serum cholesterol,

cholesterol myristate, palmitate, palmitoleate steareate, oleate and
xiii

linoleate (018:2) than HCO or SO.

Likewise effects were seen with

higher TO to 00 ratios especially on 018:1.
than SO.

HCO promoted more C 18;1

TP diets significantly Increased serum cholesterol ester,

C18:l and C 18:1/C18:2 ratios above the TO or triglyceride-free diets
in presence of cholesterol.

Similarly, 00 increased C18:l to C18:2

ratios and TO enhanced them as compared to SO.

Cholesterol increased

bile volume and seemed to increase and decrease liver and yolk weights
respectively.
and TP.

Lower cholesterol absorption was observed with HCO, CO,

Feed intake and egg production were unaffected.

xiv

INTRODUCTION
The nutritional value of the chicken egg for human consumption
has been under scrutiny in recent years.

Cholesterol which has been

implicated in the development of atherosclerosis, Is found in fairly
high amounts in the egg yolk.

As a result, the consumption of eggs is

being restricted in hopes to reduce the incidence of coronary heart
disease.

In light of this situation, there is renewed interest by the

scientific community to produce eggs that are low in cholesterol
content.
Over the years, several types of oils and fats have been tested
in laying hens to assess their effect on yolk cholesterol, and to some
extent on serum and liver cholesterol.

Most studies have shown that

there is no relationship between serum and yolk cholesterol changes
due to dietary lipids.

Monounsaturated and polyunsaturated lipids

seem to influence yolk cholesterol more than saturated fats.

Oleic

acid appears to be more influencial than linoleic acid on cholesterol
deposition into the yolk.

There are evidences however showing that

hydrogenated coconut oil (saturated), containing high proportions of
lauric and myristic acids, may exert the same or greater effect on
yolk cholesterol levels than the unsaturated oils.

The present study

takes a closer look at the involvement of these important fatty acids
from various lipid sources in the metabolism of cholesterol in the
laying hen, and its incorporation into the egg yolk.

1

2
REVIEW OF LITERATURE

Cholesterol
Cholesterol Is a compound that Is naturally found In the body of
all animals.

It Is classified as a fatty substance and Its presence

Is essential as a structural constituent of biological cell membranes
and as a precursor to other equally important compounds.
Cholesterol Is the most abundant steroid in the animal tissue.
The term steroid

is given to compounds that display the basic carbon

skeleton structure shown in Fig. 1 for cholesterol.

The four rings

are identified as

A, B, C, and D, and the carbon atoms are numbered

from the rings to

the side chain. This molecule has one hydroxyl

group (OH) at carbon position 3 (C-3), two angular methyl groups: the
C-19 methyl group

attached to C-10

to C-13, and a double bond

between

and the C-I8 methyl group attached
C-5 and C-6.The 3-hydroxyl group

is the only polar group (hydrophilic) with the remaining molecule
24
23

26

HO
Fig. 1. The cholesterol molecule
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being nonpolar (hydrophobic), making cholesterol relatively insoluble
in water and quite soluble in organic solvents.

It is at the 3-B

hydroxyl end that cholesterol iB easily esterified with short or long
carbon chain fatty acids making the cholesterol ester molecule
virtually nonpolar (Sodhi et al., 1979).
The discovery of cholesterol dates back to the early years of the
19th century when it was found to be a major compound of human
gallstones (Gibbons et al., 1982).

Later in the 1850's, this

substance was also found in the bile of humans and animals, and in the
brains of humans.

By the end of the century, esters of cholesterol

were also Identified in the serum and atheromotous lesions of humans
(Sodhi et al., 1979).

Through the years in the present century,

cholesterol has been the topic of many more studies.

As a result, its

synthesis from acetate in the body has been elucidated and its role as
a precursor of many essential bodily substances discovered.

Other

aspects however such as the specific functions of cholesterol in the
body cell membranes, regulation of its synthesis at a cellular level,
and its importance in the pathogenesis of atherosclerosis remain to be
clearly defined.
The synthesis of cholesterol by the body from acetate or
acetyl-CoA has been known since the early 1940's (Bloch and
Rittenberg, 1942).

The initial steps in the synthetic sequence of

cholesterol have been found to be the same as for other metabolic
products such as fatty acids and ketone bodies.

One crucial

biosynthetic pathway unique to cholesterogenesis however is the
formation of mevalonic acid from hydroxymethylglutaryl-CoA by the
action of the enzyme hydroxymethylglutary1-CoA (HMG-CoA) reductase.

4

This complex reaction is an important control point in cholesterol
biosynthesis since HMG-CoA reductase is believed to be the
rate-limiting enzyme.

More than 80% of the body's cholesterol is

produced by the liver, about 10% by the Intestinal tract, and about 5%
by the skin; the rest is manufactured in other tissues (Dietschy and
Wilson, 1968).
Synthesis of cholesterol in the liver is regulated by a feedback
control mechanism.

This means that when cholesterol is present in the

diet, hepatic cholesterogenesis is inhibited by lowering the activity
of the rate-limiting enzyme

HMG-CoA reductase (Hargis, 1988).

feeding of high fat diets however accelerates this process.

The

Weiss et

al, (1967b) found 30% dietary fat to increase chicken liver
cholesterol synthesis by 30% while lipogenesis was decreased
low fat control diet.

40% in a

They suggested that this increase represented

an alternate pathway for the utilization of acetate, a product of fat
degradation.
pathways.

Once cholesterol is synthesized, it can follow various

These include: (1) incorporation into cellular and

subcellular membranes within the liver; (2) incorporation into plasma
lipoproteins and secretion into circulation; (3) conversion into bile
acids and their secretion in the bile; (4) secretion of cholesterol as
such in the bile, and (5)

storage as cholesterol ester (Sodhi et al.,

1979).
One function of cholesterol at the membrane level appears to be
as a regulator of membrane permeability.

There is evidence to show

that when cholesterol associates with phospholipids at the membrane
level, it changes the physical properties of the bilayer to optimize
the efficiency of the membrane function such as active and passive

5

transport of metabolites (Gibbons et al., 1982).

This is accomplished

by affecting the fluidity of of the fatty acyl chains of phospholipids
bringing about reduction in membrane permeability (Gibbons et al.,
1982).
As a precursor, cholesterol is used for the production of bile
acids, steroid hormones, and vitamin D.

While these substances play

very important physical, chemical and physiological roles in the body,
they also represent pathways through which cholesterol is metabolized
and eliminated from the body.

As such they are regarded as

contributors to the homeostatic regulation of cholesterol levels in
the whole body and particularly in the blood.

Ultimately, this

equilibrium is determined by the balance obtained between cholesterol
input (dietary), synthesized cholesterol, and cholesterol output
(fecal neutral and acidic Bterods) (Naber, 1976).

Atherosclerosis; Cholesterol and the
Of all the deaths in the United States, aproximately 45-50% are
related to cardiovascular disease.

This amounts to about 550,000

deaths per year with 75% of these resulting from heart disease
(McCollum, 1983).
The main underlying condition of heart disease is atherosclerosis
which is an abnormal thickening of the inner walls of the arteries.
If this condition arises in arteries leading to the heart or brain,
sudden death can occur as a result of arterial blood blockage causing
a heart attack or a stroke.

The thickening of the arterial walls is

due to the accumulation of deposits (plaques) which contain fatty
substances, particularly cholesterol, connective tissue and calcium.
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The presence of cholesterol in these plaques is what initially led to
the idea that perhaps cholesterol was involved in the development of
atherosclerosis.
To date, even though many studies have been conducted in relation
to atherosclerosis, no single direct cause has been identified.

High

risk factors have been identified, and high plasma cholesterol
(hypercholesterolemia) is one of the major ones (Gordon and Kannel,
1972).

In experimental animals, atherosclerosis has been induced by

high cholesterol diets (Cox et al., 1958).

In humans, long-term

epidemiological studies have shown that there exists a strong
relationship between diet intake of total fat, saturated fat, choles
terol and population mean plasma cholesterol levels (Shekelle et al.,
1981; Gordon and Kannel, 1972).

In addition, these studies also

showed that dietary fat, dietary cholesterol and plasma cholesterol
were all correlated to the incidence and mortality rates from heart
disease.

Saturated fats seem to be more hypercholesteroleraic (Keys et

al., 1974), whereas polyunsaturated fats appear to have the opposite,
but weaker effect (Hegsted et al., 1965).

More recently, a long-term

study conducted by the Lipid Research Clinics of the National Heart,
Lung and Blood Institute (NHLBI) seemed to show conclusively that
lowering plasma cholesterol by 25 % reduced the incidence of coronary
heart disease by 50% (Scheid, 1984).

It should be pointed out however

that the human subjects used in this study were hypercholesterolemic
patients who received the drug cholestyramine to lower their blood
cholesterol level.

Nonetheless, this provides strong evidence to

support the theory that high plasma cholesterol is one of the causes
of atherosclerosis.

7

The theories of whether or not dietary cholesterol influences
blood cholesterol in humans is still open.

There are many studies

that support both of these theories but the results are mostly a
reflection of the conditions under which the studies were conducted.
Since the egg yolk is a rich source of cholesterol (250 mg per average
large egg), egg consumption has been used as an indicator of
cholesterol in the diet.

Dietary intake of cholesterol ranges from

200 to 1000 mg per day in the United States (Porter et al, 1977), and
since the body also furnishes about 800 ng of cholesterol from
synthesis (Naber, 1983),

blood cholesterol might conceivably be

altered especially in persons that metabolically do not respond
normally to cholesterol overloading.

Lin and Connor (1980)

demonstrated that when one consumes diets high in cholesterol, the
body responds with multiple mechanisms to maintain cholesterol
homeostasis.

They include incomplete cholesterol absorption,

reduction in cholesterol synthesis, and increase in fecal steroid
excretion.

In spite of these mechanisms, these researchers found that

the plasma cholesterol concentration of one hypercholesterolemia (280
rag/dl) and one normal subject (123 mg/dl) increased 53 and 35%
respectively as a result of consuming daily for 11 days a liquid
formula containing 1000 mg of cholesterol derived from egg yolks.

In

another study, ingestion of 5000 mg of egg yolk cholesterol per day
for 30 days increased plasma cholesterol by 18% (Applebaun-Bowden,
1979).

This increase is not as much as the previously cited study in

which 1000 mg of cholesterol was used, supporting the idea that the
human gastrointestinal tract has a limited capacity for cholesterol
absorption (Connor et al, 1961).

These investigators found that the
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daily consumption of two eggs for 21 weeks was enough to significantly
Increase plasma cholesterol and that four and six eggs did not cause a
greater rise.

More recently, a double-blind study revealed again that

the feeding of two eggs in outpatients eating their customary diets
also had a hypercholeaterolemic effect compared to a cholesterol free
diet or to pretreatment plasma cholesterol levels (Roberts et al.,
1981) . These findings however are not in agreement with other studies
in which one egg per day for 3 months or 2 eggs per day for 2 months
did not increase serum cholesterol significantly in a total of 220
normal, healthy, free-living men who ate their habitual diets and who
have documented serum lipids within normal range (Porter et al., 1977,
Flynn et al., 1979).
The discrepancy among these studies on the effect of egg
consumption on plasma cholesterol levels may be partially explained on
the basis of their experimental methods.

It has been argued that

studies that correlated egg cholesterol intake to plasma cholesterol,
for the most part were conducted with inpatients under controlled
conditions in metabolic wards, whereas studies showing no effect of
eggs upon plasma cholesterol were carried out with outpatients who did
not provide the exact information about their daily dietary intake
(Roberts et al. 1981).

Furthermore, it is contended that the usual

daily diets of outpatients may have been already high in cholesterol
and further dietary cholesterol as egg yolk may not have made any
difference in their plasma cholesterol concentration.

As cited

earlier, Roberts et al. (1981) did show significant
hypercholesterolemia with consumption of two eggs daily in an
outpatient double-blind study in which several factors were carefully

controlled.

First, the exact composition of the test product (two

frozen homogenized whole eggs) and the placebo (frozen homogenized egg
substitute) were known.

Second, the products were made to be

identical in appearence, color, texture, and consistency.

Third, a

cross over design was used to insure that each subject received the
products in a random order for the first 4-veek period and then
switched to the other product for the second 4-week period.

Fourth,

the subjects came in for products, measurements, and dietary
evaluation Including 24 hour food recalls at the beginning of the
experiment and every two weeks.

Intake values for calories, protein,

fat, carbohydrates, and cholesterol were calculated from each recall.
The results showed a change in dietary intake of cholesterol from 196
during the egg substitute period to 728 mg per day during the whole
egg feeding period.

Plasma cholesterol increased significantly from

223 at baseline or from 219 during the egg substitute period to 243
mg/dl during the whole egg feeding period.
The type of data presented above along with studies correlating
high plasma cholesterol to atherosclerosis as previously stated,
prompted the National Institute of Health in 1985 to advise Americans
to modify their diets.

It recommended that total fat Intake should be

reduced to 30% from the usual 40% of total calories, and that no more
than 10% of total calories should come from saturated fats.

They were

also advised to limit their cholesterol intake to 300 mg per day
(Hargis, 1988).

If these guidelines are followed, the consumption of

not only eggs but other cholesterol rich foods would likely drop,
thereby adversely affecting producers of these foods.

It may become

economically important to find a way to produce eggs that are low in
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cholesterol content.

Many studies already have been conducted to

fullfill this objective but not much progress has been made.

Perhaps

a better understanding of cholesterol metabolism In the laying hen Is
needed before this objective can make further progress.

Cholesterol Metabolism in the Laying Hen
Cholesterol metabolism in mammals is discussed basically in terms
of its presence or activity in the intestinal tract, the blood, the
liver, the bile, and the feces.

In the blood and body tissues,

cholesterol concentration is determined by the equilibrium obtained
between cholesterol that is consumed and synthesized and that which is
excreted via the feces as neutral sterols and that which is oxidized
to bile acids by the liver (Naber, 1976).

In the case of birds such

as the laying chicken, the egg yolk is an additional pathway through
which cholesterol is excreted (Fig. 2).

This excretory route is used

efficiently by chickens and has been observed to be a major pathway
for the elimination of cholesterol (Naber, 1983).
As discussed earlier, cholesterol synthesis in the laying hen has
been demostrated to come from acetate or acetyl~CoA, a catabolic
product of proteins, fats and carbohydrates (Schwentk and Baker,
1953).

One important part to remember is the point at which the

synthesis of cholesterol can be controlled, this being at the
formation of mevalonic acid via the enzyme HMG-CoA reductase.

As much

as 43% of this enzyme’s activity has been shown to be inhibited by
natural plant compounds and drugs, but no significant changes in yolk
cholesterol were observed (Vargas et al., 1986; Quenshi et al., 1986).
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Fig. 2. Cholesterol pathways in the laying hen.
(Bltman, 1976)

Cholesterol synthesis takes place primarily in the liver and to a
much lesser extent in the ovary of laying hens (Pop Jak and Tietz,
1953; Weiss et al., 1967; Andrews et al., 1968).

Pop Jak and Tietz

(1953) in their in vitro work observed that the theca interna and
granulosa, which are membranes that surround the growing ovum in the
ovary, were capable of synthesizing cholesterol from

14

C-acetate.

These researchers also found that the younger ovas had higher
enzymatic activity in these membranes than the older membranes
undergoing involution after ovulation.

Similar findings were reported

by Schjeide et al. (1963) who observed synthesis to occur mainly in
the early stages of ovum development.

Further in vivo work with

laying hens demonstrated that the ovary of the laying hen does have
the ability to form cholesterol from acetate (Budowski et al., 1961).
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However, a more recent study concluded that ovarian cholesterogenesis
accounted only for a very small amount of the total cholesterol
deposited in the egg yolk and that egg cholesterol originates largely
from blood cholesterol (Andrews et al., 1968).
Velss et al. (1967b) studied the In vitro Incorporation of
14

C-acetate into lipid fractions of liver slices and ovarian tissues

after hens were fed low (control) and high fat diets with or without
1% cholesterol.

The ratio of cholesterol-

14
14
C to total lipid- C was

used to estimate cholesterol biosynthesis from acetate.

When compared

to control treated birds, 30% animal fat or safflower oil
significantly Increased cholesterol synthesis in the liver but did not
alter cholesterol synthesis in the ovaries.

However, when cholesterol

was fed alone or with safflower oil, cholesterol synthesis in the
liver was significantly decreased or eliminated, whereas in the
ovaries, it still remained unchanged except when cholesterol was fed
with safflower oil.

In a similar study concurrently conducted by the

same researchers, consumption of the same diets by hens given orally
14

C- acetate resulted in an increased distribution of acetate in the

cholesterol portion of the egg yolk (Weiss et al., 1967C).

From these

two studies, it was observed that the pattern of cholesterol synthesis
in the liver contrasted greatly with that in the ovaries but was
similar to the distribution pattern of labeled cholesterol in the
yolk, indicating that most of the cholesterol found in the egg yolk
was manufactured in the liver.

Cholesterol formed in the ovaries

however was thought to be used as reserve to insure its availability
to the developing embryo during incubation (Weiss et al., 1967b).
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Cholesterol in the liver of broiler chickens is present mostly in
the free form while in the blood, it is found mostly as cholesterol
ester (Teekell et al., 1975).

In the laying hen however, the

literature reports the blood to contain mostly free cholesterol (50 to
80!E) with the liver being similar to that of broiler chickens (Walker
et al., 1951; Chung et al., 19645; Chongcharoenchai, 1984).

Plasma

free cholesterol which originates from the liver is esterified in the
plasma by lecithin-cholesterol acyltransferase (LCAT), an enzyme that
catalyze the transfer of an acyl group from the 2-position of lecithin
to the 3-hydroxyl group of the cholesterol molecule.

Minimal

contribution of plasma cholesterol esters is also derived from the
hepatic source through the action of acyl-Co-A cholesterol acyl
transferase (ACAT)(Noble et al., 1977).

These investigators monitored

the activities of LCAT in mature laying hens, estrogenized, and
immature pullets.

Laying hens and estrogen treated birds had

considerably higher levels of free cholesterol than those of immature
birds.

In spite of the increase, the absolute rates of cholesterol

esterification in the plasma of laying and immature birds were
identical as there was a smaller proportion
in the plasma of laying hens.

of cholesterol esterfied

Estrogenized birds experienced higher

absolute rates of cholesterol esterfication but the proportion of
cholesterol which became esterified was lower than those of immature
birds.

This Indicated that the increase in free cholesterol

concentration in laying hens due to sexual maturation may be
unavailable to LCAT reaction.

The same study noted that sexual

maturation or estrogen treatment increased the proportion of oleic
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acid (18:1) and decreased the proportion of linoleic acid (18:2) which
became esterified to cholesterol via the LCAT reaction.
Cholesterol is transported through the blood to the ovaries
mostly as part of very low density lipoproteins (VLDL) which in turn
are deposited in the yolk with minor or no modifications (Christie and
Moore, 1972; Noble et al., 1977; Schjeide et al., 1963; Gornall and
Kuksls, 1973).

These VLDLs are present in significantly greater

amounts in the blood of laying hens, and increase dramatically with
the onset of laying in young pullets and in estrogenized birds as
compared to immature non-laying pullets.

At the same time a decrease

in low and high density lipoproteins (LDL and HDL) is also observed
(Noble et al., 1977).

In addition, plasma VLDL and yolk VLDL have

been found to be similar if not identical in the lipid elution pattern
as determined by direct gas liquid chromatography.

Interestingly

however, these VLDL fractions do not seem to contain cholesterol
esters in their structure,

whereas plasma HDLs do, but seem to lose

them upon entering the yolk as demonstrated by the absence of
cholesterol ester in the HDL fraction of the yolk (Gornall and Kuksis,
1973).

It has been reported that approximately 96% of the total

cholesterol in the egg yolk is in the free form with the rest being in
the esterified form (Bitman and Wood, 1980).
The mechanism by which plasma VLDL containing cholesterol Is
deposited into the developing yolk by the ovaries Is not completely
known.

There are morphological studies indicating that yolk-bound

lipoproteins (LDL and VLDL) are incorporated into Che oocyte by
receptor-mediated endocytosis.

This mechanism involves first the

binding of these lipoproteins to the oocyte surface by specific
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receptor sites.

The bound lipoproteins are then

internalized by

coated pits and coated vesicles present on the cytoplasmic surface of
the oocyte which then subsequently detach themselves to become part of
the yolk (Yusko et al., 1981, Perry et al., 1984).

Perry et al.

(1984) further provided strong evidences suggesting that the oocyte
surface receptors recognize the B apoprotein fraction of avian VLDL's.
Excretion of cholesterol in the laying hen takes place through
two main pathways, the feces and more importantly the eggs (Naber
1983).

In the feces, cholesterol is eliminated in the form of acid

and neutral sterols which result from the degradation by intestinal
bacteria of bile acids that were not reabsorbed into the circulatory
system (Subbiah et al., 1971).

Chenodeoxvcholate and cholate are the

main fecal acidic sterols where as coprostanol and cholesterol are the
predominant neutral sterols (Burczak et al., 1979).
sterol output changes with dietary conditions.

Total fecal

Sim et al. (1980)

showed that unsaturated oils at 8% levels produced higher amounts of
fecal bile acid excretion (239 mg/hen/day) than that of saturated fats
(60 mg/hen/day), but were not different in their level of fecal
cholesterol (10 mg/hen/day).

Adding IT dietary cholesterol increased

fecal cholesterol excretion to 422 mg/hen/day with saturated fats, and
to 255 mg/hen/day with unsaturated oils, while fecal bile acid
excretion from both types of lipids was unaffected compared to their
respective diets without cholesterol.

The lower fecal cholesterol

seen with unsaturated oils could be due to the synergistic effect that
these oils have on cholesterol absorption in the intestinal tract of
the laying hen (Weiss et al., 1967a,b,c; Bartov et al., 1971).

16

Compared to cholesterol excretion in the egg,

Sim et al. (1980)

showed that laying hens can excrete cholesterol through the feces with
as much if not with greater efficiency than through the egg when
abnormal dietary conditions affecting cholesterol metabolism prevail.
Under normal dietary conditions however, total sterol excretion
through the feces is only about 10% of that excreted as cholesterol
through the egg (Burczak et al., 1979).

The egg yolk can take in from

60 to 100% more cholesterol than its normal concentration (250 mg) if
diets containing saturated or unsaturated oils at 8% levels with 1%
cholesterol are fed to laying hens (Sim and Bragg, 1977; Hebert et
al. , 1987).

On this type of diet, nonlaying hens and roosters have

been known to develop extreme hypercholesterolemia and severe
atherosclerosis whereas laying hens only experienced minimal elevation
of blood cholesterol and mild atherosclerosis (Ho, 1976).
The multitude of studies conducted in the area of cholesterol
metabolism in laying hens have demonstrated clearly two important
aspects.

One, that laying hens are able to use their synthetic and

excretory pathways very efficiently to prevent cholesterol build up in
the blood; and two, that egg cholesterol can be Increased by dietary
means but that there is a strong resistance to lowering it
significantly from normal levels in spite of reduced cholesterol
absorption and synthesis.

This last aspect will be discussed more in

detail in the next section.
Dietary Lipids and their Influence on Yolk Cholesterol and Related
Parameters.
Several nutrients have been evaluated for their involvement in
the metabolism of cholesterol in laying hens and for possible effects
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primarily on the egg yolk, serum and liver cholesterol.

Of all these

nutrients, dietary lipids such as animal fats, vegetable oils, fatty
acids, and cholesterol, have been found to have the greatest
influence.

These factors will be considered for discussion in the

present section.
Effect of Fats and Oils.

Many studies have been conducted in

which a range of different types, levels, fatty acid composition, and
degree of saturation of fats and oils have been fed to laying hens.
Results have not always been in agreement when fats or oils of similar
chemical and physical characteristics were used, but certain trends
have been established.

Earlier studies have reported differences in

serum and yolk lipid parameters in response to saturated versus
unsaturated fats.

Some of these earlier studies found that animal

fats such as tallow at 10 and 20% levels, and white grease at 12%
levels did not seem to influence yolk cholesterol nor serum
cholesterol levels except in one study where 10% tallow tended to
increase serum cholesterol levels (Fisher and Leveille, 1957;
Leveille and Fisher, 1958; Daghir et al., 1960).

These studies also

evaluated several unsaturated oils, reporting that levels around 10%
of corn and soybean oils, and 20 to 30% of linseed, safflower and
soybean oils did not seem to alter yolk cholesterol levels, but did
reduce serum cholesterol values particularly with the high oil diets
as compared to pretreatment or control levels.

They observed,

however, that yolk oleic acid was replaced by linoleic acid in
response to polyunsaturated oil feeding.
fii

more careful study by Weiss et al. (1964) demonstrated that

hens fed 30% safflower or linseed oils did increase yolk cholesterol
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by 19 and 27% respectively and that these Increases were significantly
correlated with the increases in unsaturation of yolk lipids.

Later

studies conducted by the same researchers showed that changes in serum
and yolk cholesterol levels were not nessessarily correlated to each
other when fats of various saturation percentages were fed at 30%
levels (Weiss et al., 1967a).

They found that the polyunsaturated

safflower oil containing high linoleic acid (18:2) reduced serum
cholesterol while increasing egg cholesterol values significantly.
Hydrogenated safflower oil however containing high levels of oleic
(18:1) and linoleic (18:2) acids, and coconut oil composed mostly of
lauric (12:0) and myristic (14:0) acids increased both parameters
significantly, while animal fat made up primarily of oleic, palmitic
(16:0) and stearic (18:0) acids increased serum cholesterol but not
yolk cholesterol.

Interestingly however, 30% corn oil which is

similar in fatty acid composition to safflower oil did not affect
either serum

or yolk cholesterol levels.

16% less linoleic acid and 13% and 6%

Corn oil does contain about

more oleic and palmitic acids,

respectively, than safflower oil (Reeves and Weihrauch, 1979).

Only

15% of safflower oil in the diet was enough to decrease serum
cholesterol but a level of 30% of this oil was needed to significantly
Increase yolk cholesterol levels (Weiss et al.,1967a).

In a later

study, 20% safflower or coconut oil, produced significantly higher
levels of cholesterol in the yolk,
(Barton et al., 1971).

but 20% soybean oil had no effect

They further showed that the presence of soy

sterols in soybean oil was not the reason for the inability of this
oil to Increase yolk cholesterol since the addition of soy sterols to
safflower and coconut oils did not prevent them from causing increases
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In yolk cholesterol levels.

Soysterols are known to have

hypocholesterolemic effects In the serum when present in the diet in
large quantities (2%), apparently by interfering with the absorption
of cholesterol or cholesterol related compounds in the intestinal
tract of the chicken (Sim and Bragg, 1977).
Other oils used to assess their effect on cholesterol metabolism
in laying hens Include: olive oil (00), rapeseed oil (RSO), lard and
hydrogenated coconut oil (HCO). Olive oil, RSO and lard are mostly
monounsaturated oils because of their greater oleic acid content,
where as HCO is almost 100/C saturated containing mostly lauric and
myristic acids (Reeves and Weihrauch, 1979).

These oils were compared

to control, low-fat diets or to tallow, corn oil or safflower oil
diets in different studies.
Rapeseed oil at 10 to 20% levels increased yolk cholesterol above
those of the basal or tallow treated birds, but was less than that
observed with corn oil at the same levels.

Rapeseed oil also

increased the oleic content of the yolk (Lall and Slinger, 1973).
Hens fed diets with HCO or lard at 10% levels were not different in
their serum, yolk and liver cholesterol concentrations than those in
which 10% corn oil or low-fat control diets were fed (Daghir
1965).

et al.,

These results however contrast with those of Sim and Bragg,

(1977) who found 8% HCO to produce yolks with significantly higher
cholesterol content than yolks from hens given 8% safflower oil.
These findings are in agreement with other studies where 10 to 20%
coconut oil numerically yielded higher yolk cholesterol values than
10% high-oleic safflower oil or 20% safflower oil respectively
(Chongcharoenchai, 1984; Bartov et al., 1971).
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Another interesting oil seems to be olive oil which has about 73%
oleic acid.

A series of experiments comparing olive oil to safflower

oil which has about 74% linoleic acid revealed that olive oil by
virtue of its oleic acid may have a greater influence on yolk and
liver cholesterol than safflower oil (Perez-Buriel, 1984).

When 1, 5,

and 9% olive oil containing diets were fed to laying hens,
significantly greater accumulation of cholesterol in the yolk was
observed with the 5 and 9% levels, whereas the same amounts of
safflower oil failed to show this response.

Liver cholesterol was

also markedly elevated with 9% olive oil but not with Bafflower oil.
It has been reported that oleic acid may be preferentially used for
cholesterol esterification in the plasma of laying hens (Noble et al.,
1977) and that there 1b more cholesterol oleate in the blood, liver
and yolk even when HCO is fed to laying hens with cholesterol (Chung
et al., 1967).
From the above information so far presented in this section, it
is clear that different types of fats and oils exert a range of
effects on the way cholesterol is metabolized by the laying hen and
incorporated into the egg yolk.

For the most part, higher levels of

these lipids, (20-30%), particularly unsaturated oils, cause increased
deposition of cholesterol levels in the yolk.

Animal fats, on the

other hand, in spite of their fairly high oleic acid content, do not
seem to affect egg cholesterol as much as the oils but do cause
cholesterol Increases in the blood.
Other lipids behave somewhat differently than expected based on
their fatty acid make-up.

For instance, corn and soybean oils are

similar to safflower oil in that linoleic acid is their predominant
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fatty acid, however, some studies report corn and soybean oil not to
be as effective as safflower oil in altering yolk, serum and liver
cholesterol values.

Corn and soybean oils do have respectively 41 and

60% more of the saturated fatty acids, primarily palmitic (16:0), and
stearic (18:0) acids than safflower oil.

It is possible that this is

the reason for the oils inefficiency to raise cholesterol, since these
fatty acids are known not to be well utilized by the laying hen due to
their low absorbability in the intestinal tract (Renner and Hill,
1961).

Other examples are coconut oil and HCO which are about 87 and

98% saturated respectively, but have proved to be as effective if not
more effective than safflower oil in raising cholesterol in the yolk
(Weiss et al., 1967; Sim and Bragg, 1977; Sim and Bragg, 1978).

These

oils are high in lauric and myristic acids, and although their
intestinal absorption is not as high as that of oleic and linoleic
acids, their absorbability is significantly higher than that of
palmitic and stearic acids (Renner and Hill, 1961).

The absorbed

shorter chain fatty acids then can be used further for the synthesis
of palmitic, stearic and ultimately oleic acid as suggested by Sim and
Bragg (1978), who found that HCO feeding caused the liver, blood, and
yolk to contain higher amounts of oleic acid than when safflower oil
was fed to hens.

Moreover, as mentioned earlier, olive oil which has

high oleic acid content also was found to significantly increase yolk
and liver cholesterol levels when used at 9% levels, whereas
saffflower did not show this response (Perez-Buriel, 1984).
The increase of cholesterol in the yolk, serum and liver due to
fat feeding prompted further studies to explain the metabolic
processes by which this occurs.

It may be obvious that this increase
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denotes that there was an Increase in cholesterol synthesis by the
liver, but the metabolic implications of this were unknown until some
studies were conducted in which radioisotopes were used.

In one in

vitro study, hens were fed a basal diet and diets containing safflower
oil (302), animal fat (30%), cholesterol (1%), or cholesterol (1%)
with safflower oil (29%).

Liver slices from hens fed these diets were

then incubated and the incorporation of

14

C acetate into various lipid

fractions was evaluated (Weiss et al., 1967b).

The results indicated

that total lipid synthesis in the liver was reduced by 62% with
safflower oil feeding, and 80% with animal fat feeding, but a 51%
increase in cholesterol synthesis occurred in livers of hens given
safflower oil while it was reduced in hens given animal fat.

These

results are in general agreement with others in which rats or chicks
were used (Hill et al., 1960; Chung et al., 1970).
This depression in lipogenesis and increase in cholesterogenesis
due to safflower feeding gives some indication as to why egg
cholesterol is increased when high amounts of this oil is fed to
laying hens.

As previously discussed, most of the egg cholesterol is

synthesized in the liver, and stimulating this synthetic process can
result in eggs with high cholesterol levels as well.

Perez-Buriel

(1984) found a significant linear relationship between yolk and liver
cholesterol levels when olive or safflower oils with cholesterol were
used.

Moreover, in-ovo incorporation of

14

C acetate into yolk

cholesterol showed an increase of 10% due to safflower oil feeding
(Weiss et al., 1967c).

On the other hand, the lack of liver

cholesterol synthesis from dietary animal fat, as shown in the above
radioisotope studies, also explains partly why yolk cholesterol levels
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do not Increase when such fats are consumed.

This absence of

cholesterol synthesis may be related to Insufficient amounts of liver
acetate pool created by poor intestinal absorption of the saturated
fatty acids that make up animal fats and by that matter of other oils
that do not seem to affect yolk cholesterol greatly (Naber, 1976:
Renner and Hill, 1961).
The effect of fat consumption on parameters such as feed intake,
egg production and yolk weight and their implications on egg and serum
cholesterol levels were also studied.

Bartov et al. (1971) found yolk

and serum cholesterol to be inversely related to rate of egg
production.

Two groups of layers were compared and those that laid

fewer eggs per week had significantly higher levels of cholesterol per
yolk and per gram of yolk.

Serum cholesterol was increased in those

days on which no eggs were laid even when one was present in the
uterus.

Similarly, total yolk cholesterol also increased with a

normal decline in egg production as hens aged from 24 to 70 weeks.
Cholesterol expressed in mg/g of

yolk however, declined with age,

probably due to increases in egg

size and yolk weight (Hurnik et al.,

1977).
Corn oil and animal fat at 10% levels did
production (Leveille and Fisher,

not affect egg

1958; Edwards et al., 1962). A small

decrease in the number of eggs laid was observed when layers consumed
12% grease or soybean oil, but yolk cholesterol was not influenced
(Daghir, 1960),
oils at 20%

Fisher and Leveille (1957) fed laying hens various

levels and concluded that hens maintained proper egg

production, particularly with safflower and linseed oils.

In another

study, dietary cholesterol at 1, 3 and 5% levels reduced egg
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production which was further decreased when 10% rice oil was added to
each level, but there was no difference among the cholesterol levels
(Hulett et al., 1963).

In this study, yolk cholesterol was increased

by the test diets indicating that a part of this increase could have
been due to the decrease In egg production.

Coreil (1980) found egg

production to drop by 50% by the end of the second week when 25%
coconut, olive, safflower oils or tallow were used in layer diets.
Olive oil had caused the hens to go out of production by the end of
the fourth week.

There was no difference in yolk cholesterol among

among oil diets except when compared to first-week values.
Feed Intake due to 10% coconut oil feeding was signlficiantly
lower than that of safflower oil feeding, but no differences in egg
production were observed between the two oil diets (Chongcharoenchai,
1984).

Olive oil on the other hand at either 9 or 10% levels caused

hens to eat significantly less of these diets and lay significantly
less eggs per week when compared to safflower or high oleic-safflower
oils (Changcharoenchai, 1984 ; Perez-Buriel, 1984).

Dietary

cholesterol also has been reported to affect feed Intake by decreasing
it slightly even with higher than 1% cholesterol (Harris and Wilcox,
1963).

Another study found feed consumption to decrease significantly

with 1% dietary cholesterol without affecting egg production rates,
but as expected, eggs and livers significantly increased in their
cholesterol content (Perez-Buriel, 1984).
With respect to yolk weight, Hebert et al. (1987) reported yolk
weights to be essentially unchanged when diets having certain
combinations of safflower and olive oils with or without cholesterol
were fed to layers.

The higher oil diets (9%) however produced
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smaller yolks being significant in the case of the low (12)
high (82) level of safflower oil.

and the

Coconut, safflower, or high

oleic-safflower oils at 102 levels also significantly reduced yolk
weights in the presence of 12 cholesterol (Chongchoroenchai, 1984).
With respect to olive oil, Perez-Buriel (1984) found a significant
linear decrease in yolk weight with diets containing 0, 5 and 92 of
this oil.

This depressive effect was also observed with high levels

(252) of fats of various saturations (Coreil, 1984).
Effect of Dietary Cholesterol.
The incorporation of this cholesterol at 1% of the diet has been
shown to significantly increase yolk cholesterol and to a lesser
degree serum and liver cholesterol (Wood et al., 1961; Hulett et al.,
1964; Chung et al., 1965; Weiss et al., 1967a; Perez-Buriel, 1984;
Sutton et al., 1984).

Furthermore, some of these studies demonstrated

that feeding laying hens 12 cholesterol together with fats or oils,
additional Increases in cholesterol levels were observed in all three
tissues.

For example, Chung et al. (1965) observed a significant

increase of 12% in yolk cholesterol when 12 cholesterol was added to a
basal diet. Adding 102 corn oil, lard or HCO to the diet further
increased this level to about 302 more.

Serum cholesterol was also

raised by 5, 38, 74 and 462 with dietary cholesterol and its feeding
with corn oil, lard or HCO, respectively, increased it slightly but
not significantly due to large variations within the treatments.
Liver cholesterol was not increased with cholesterol feeding but its
consumption with the oils

markedly raised liver levels with the

response from corn oil and lard being significantly greater than that
of HCO.

Weiss et al. (1967a) observed more drastic changes in
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response to 1Z dietary cholesterol or its feeding with 29% safflower
oil.
The additional enhancement of already elevated yolk cholesterol
levels when dietary cholesterol and fat are simultaneously fed to
laying hens has been attributed mainly to the synergistic effect of
fats on the absorption of cholesterol from the intestinal tract (Chung
et al., 1965; Weiss et al., 1967a).

There are differences, however,

in the power with which different types of fats or oils help promote
cholesterol uptake from the intestines. When 1% cholesterol was mixed
with either 8Z HCO or safflower oil, there was 53 and 44Z more
cholesterol in the serum and yolk, respectively, with safflower oil
feeding (Sim and Bragg, 1977).

The stimulating effect of safflower

oil in rising cholesterol levels of serum and egg yolk was thought to
be caused by an Increased absorption of cholesterol across the
intestinal barrier.

This of course agrees with other studies where

unsaturated fatty acids in the diet were superior to saturated fatty
acids in promoting cholesterol absorption (Swell et al,, 1955; Renner
and Hill, 1961).

Direct cholesterol absorption measurements in laying

hens fed HCO and safflower oil with IZ cholesterol revealed that HCO
fed birds excreted through the feces 422 mg of cholesterol daily
compared to 255 mg from birds fed safflower oil (Sim and Bragg, 1980).
This is equivalent to apparent absorption percentages of 75.6 and 58.5
for safflower or HCO fed birds respectively.

These researchers also

found that endogenous fecal cholesterol amounted to about 10
mg/hen/day as determined from cholesterol-free diets.
Previous studies conducted in our laboratory compared various
oils in the presence or absence of 1% dietary cholesterol.

One study
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showed that adding cholesterol to diets containing 82 olive or
safflower oil significantly increased yolk cholesterol above that of
the unsupplemented oil diets with both oils responding similarly to
cholesterol supplementation (Hebert et al., 1987).

A second study

compared high-oleic safflower (752 oleic acid), to either coconut oil
(86% saturated), olive oil (73% oleic acid), or regular safflower oil
(74% linoleic acid) at 10% levels.

In all instances, yolk cholesterol

was again significantly elevated with the addition of cholesterol to
the oil diets with the responses of coconut, olive and safflower oils
to cholesterol feeding being significantly greater than that of
high-oleic safflower oil (Chongcharoenchai, 1984).

Among these oils,

olive oil elicited the greatest response followed by coconut and
safflower oils.

Serum cholesterol was not statistically affected by

any of the treatments.

Both studies suggested that olive oil and

coconut oil may be more critical in raising yolk cholesterol levels
than both types of safflower oil.

This indicates that oleic acid may

be more influencial in changing cholesterol levels in the yolk and
other tissues when present in its natural source (olive oil).
Likewise, the properties and constituents of coconut oil or HCO appear
to have the same type of influence.

Sim and Bragg (1977) showed HCO,

which is more saturated than CO, to be superior to safflower oil in
raising yolk cholesterol levels by itself.

When mixed with 1%

cholesterol however, this was not the case and instead safflower oil
promoted greater increases in yolk and serum cholesterol levels.
Higher than 1% levels of dietary cholesterol have been also
investigated.

Harris and Wilcox (1963) fed hens diets containing 1, 2

and 4% dietary cholesterol.

All three levels caused a significant
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increase in yolk cholesterol by almost 50% and increases of 30, 38 and
35% respectively in serum cholesterol levels.

This was an indication

that added cholesterol beyond 1% had only a small influence on the
already elevated levels of cholesterol in both parameters.

Similar

results were obtained by Hulett et al. (1964) who experimented with 1,
3 and 5% dietary cholesterol levels in the absence or presence of 10%
rice oil.

The combination of the cholesterol levels and rice oil

yielded the highest yolk and serum cholesterol values.

However as

found by Harris and Wilcox (1963), once an increase in both
measurements were attained with the 1% cholesterol diet, the response
to higher dietary cholesterol levels were not linear.
With respect to time, reports on the number of days it takes to
maximize cholesterol content in the egg yolk varies.

Wood et al.

(1961) and Andrews et al. (1968) reported the time to be 7 days, II
days according to Harris and Wilcox (1963), and 15 days as found by
Weiss et al. (1964).

Edward and Jones (1964) fed laying hens 1%

cholesterol diets for 40 days and measured yolk and serum cholesterol
at 10, 20 and 40 days.

Yolk cholesterol reached its maximum

concentration at 10 days, declined by the 20th and slightly increased
by the 40th day.

There was a significant increase in serum

cholesterol by the 10th day but later declined such that after 20 days
it had returned to the level of the control diet.

This led the

authors to believe that serum cholesterol may have reached even higher
levels before the 10th day, and was probably decreasing at 10 days.

Lipid Effect on Cholesterol Esterlflcation.

Data on the

influence of oils, triglycerides and fatty acids on fatty acid changes
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in the serum, liver and yolk with respect to cholesterol ester
formation in the laying hen is limited.

Coreil (1980) showed a

significant increase in serum total and esterified cholesterol in
response to high levels (25%) of saturated fats (coconut oil and
tallow) and unsaturated oils (olive and safflower oils).

Later

Chongcharoenchai (1984) reported no differences in serum total, free
and esterified cholesterol when high oleic-safflower (75% oleic acid)
was compared to coconut oil (86% saturated) and safflower (73%
linoleic acid) at 10% levels each with or without 1% cholesterol.
Olive oil (73% oleic acid) feeding however encouraged the synthesis of
significantly more nf the esters in relation to the free form than the
high oleic-safflower oil.

In both of these studies, cholesterol ester

formation also tended to Increase as the oils contained more of the
saturated fatty acids.

An Increase in serum cholesterol ester was

also noticed with 1% cholesterol in the second study.
Cholesterol ester formation could be influenced by the type and
availability of fatty acids at the sites of synthesis.

Changes in

fatty acid distribution at the same time can be influenced by dietary
oil and cholesterol.

Sim and Bragg (1978) found that dietary

cholesterol altered the fatty acid composition of the liver, serum and
egg yolk lipids by increasing oleic acid and decreasing palmitic,
stearic and other short chain fatty acids when safflower or
hydrogenated coconut oils were fed to laying hens.

They suggested

that hens were stimulated to increase oleic acid synthesis mainly from
palmitic and/or stearic acids.

This Increase in liver oleic acid

levels from dietary or synthetic origin could increase its
esterification with the cholesterol molecule.

To support this theory,
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Chung et al. (1967) provided evidence indicating that most of the
fatty acid changes due to cholesterol and oil feeding were found in
the cholesterol ester fraction of the yolk, liver and plasma of laying
hens.

When cholesterol was fed to laying hens with corn oil, oleic

acid levels increased in the cholesterol ester fraction of the yolk,
plasma and liver, and in liver triglycerides as well.

Cholesterol

with hydrogenated coconut oil, however, lowered oleic acid in plasma
and in liver esters, but also lowered that of palmitic acid and
increased that of oleic acid in the yolk.

The increse in yolk

cholesterol oleate with hydrogenated coconut oil was twice as much as
that of corn oil.

In general, it was observed that there was more

cholesterol oleate in all these tissues than cholesterol linoleate
when corn or hydogenated coconut oils were fed to laying hens with 1Z
dietary cholesterol.
Finally, studies conducted with laboratory animals revealed that
when various oils and fatty acids plus cholesterol were fed to rats,
oleic acid was more effective in elevating blood cholesterol than
linoleic or stearic acids (Swell et al., 1954).

Further studies in

vitro by the same researchers showed that the unsaturated fatty acids
were more rapidly esterified than the saturated ones, and that
triolein among other triglycerides and oleic acid among other fatty
acids were far more effective in promoting cholesterol esterification.
Later, Karmen et al. (1963) observed chylomicron cholesterol ester
formation to have marked specificity for oleic acid relative to
linoleic, palmitic and stearic acids.
It appears then that in rats and in laying hens oleic acid seems
to be more active in the esterification process of cholesterol. How

this process relates to changes in yolk, serum and liver cholesterol
level in laying hens fed different types of fats and oils is yet to b
determined.
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MATERIALS AND METHODS
A total of seven experiments were conducted at the Louisiana
State University poultry farm facilities.

The first study was a

preliminary trial designed to provide basic information about
dietary cholesterol.

Cholesterol at a level of IZ was used in the

next six experiments in the evaluation of various fats, oils and
triglycerides.
Birds.

In all studies, Single Comb White Leghorn (SCWL) hens

were used. The age of the experimental hens were the same for a
particular experiment but varied among the experiments since all
experiments were not conducted at the same time.

Since there are

differences in yolk cholesterol due to egg production (Sutton et
al.,1981; Bartov et al.,1971), only hens of equal or similar
production level were selected for the studies.

All hens were housed

in an open-type layer building equipped with individual cages and
individual feeders.

Previous to the start of each experiment, hens

were carefully monitored for their egg production performance.

The

selected birds were then properly identified by means of leg bands and
moved to the area of experimentation.

Water and the experimental

diets were fed ad-llbitum.
Basal diets.

The basal diets consisted basically of corn and

soybean meal which provided the nessessary nutrient requirements for
optimum egg production (Table 1 and Table 2).

The basal diet in Table

1 was used for the preliminary study, whereas the basal diets in Table
2 were used for the actual experiments.
in detail later in this section.

All experiments are described

TABLE 1: Composition of basal diet (preliminary exp.).

Ingredients

X

Corn

57.55

Soybean meal (44Z protein)

18.64

Menhaden Fish meal (60Z Protein)

6.00

Tallow, stabilized

4.00

Rice hulls

3.66

Oyster shell flour

7.65

Defluorinated

1.50

phosphate (18£P, 33£Ca)

Salt

.25

Mineral mix*

.50

Vitamin mix

2

Total

.25
100.00

Calculated analysis:
Metabolizable energy, kcal/lb

1300.00

Crude protein, %

17.00

Calorie/protein ratio

76.47

Supplies per kg of diet: manganese, 66 mg; zinc, 66 mg;
iron, 77 mg; copper, 4.4 mg; iodine, 1.1 mg; selenium, 0.11 mg
2

Supplies per kg of diet: vitamin A, 8800 IU; vitamin D
1650 IU; vitamin E II 1U; vitamin
0.01 mg; menadione, 2.2
mg; choline, 385 mg; folic acid, 0.22 mg; thiamine, 1.1 mg;
pyridoxine, 2.2 mg; d-biotin, 0.11 mg.
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Table 2.

Composition of the basal diets used In experiments 1 through

6.
Basal diets
Ingredients, %

1

2

3

63.60

48.94

48.50

Soybean meal (44% protien)

7.63

23.24

23.63

Menhaden fish meal (60% protein)

5.00

5.00

5.00

-

8.00

9.00

Rice hulls

3.60

3.54

3.55

Oyster shell flour

7.50

7.64

7.39

Defluorinated phosphate

1.63

1.62

1.90

.25

.25

.25

.25

.25

.25

.50

.50

.50

100.00

100.00

100.00

1250.00

1350.00

1362.50

Crude protein, %

16.50

17.84

17.90

kcal/protein ratio

75.70

75.60

76.00

Corn

Fat2

Mineral, vitamin mix

3

Salt
Chromic oxide bread

4

Total
Calculated analysis:
Metabolizable energy, kcal/lb

^Basal diet 2 was used for experiments 1 through 5, basal diets 1
and 3 were used for experiment 6.
2
The lipid source consisted of one of the following: hydrogenated coconut oil (HCO), lard, tallow, coconut oil (CO), olive oil (00),
safflower oil (SO), triolein (TO), and tripalmitin (TP).
3
See table 3.

4

Used as a marker and composed of 70% flour and 30% chromic
oxide.
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TABLE 3.

Composition of the commercial vitamin-raineral premix^ per

pound of formula.

2 ,000,000 USP Units

Vitamin A
Vitamin

300,000

IC Units

1,500

1 Units

Vitamin E

2 Mgs.

Vitamin B12
Riboflavin

800 Mgs.

Niacin

6,000 Mgs.

d-Pantothenic acid

1,600 Mgs.
400 Mgs.

Menadione Sodium Bisulfite Complex
Folic acid

60 Mgs.

Biotin

10 Mgs.
200 Mgs.

Thiamine Mononitrate
Choline Chloride

80,000 Mgs.

Ethoxyquin

22,680 Mgs.

Zinc(Zn)

1.762 %

Copper(Cu)

0.080 %

Iodine(I)

0.047 %

Iron(Fe)

0.815 X

Cobalt(Co)

0.008 %

Manganese(Mn)

2.430 X

By Mountaire Vitamins, Inc., recomended to be used at a rate of 5
lb/2,0001b of finished feed ( 0.25% ).
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The experimental diets were obtained by adding the fats, oils,
triglycerides, cholesterol or their combinations to the respective
basal diets as prescribed by the individual experiments.

There were

small differences among the basal diets in their energy and protein
content but calorie to protein ratios were essentially the same.
Dietary cholesterol as well as the chromic oxide mixture were added at
the expense of corn.
Chromic oxide was added to all basal diets at 0.05% levels as
shown in Table 2.

The marker was used to evaluate intestinal

absorption of dietary cholesterol.

The chromic oxide bread was made

by mixing 7 parts of wheat flour and 3 parts of chromic oxide

•

Water was added to the mixture until it showed a slurry consistency.
The mixture was then spread about 10 millimeters thick on a flat
cooking pan and allowed to dry completely overnight in a forced-draft
oven at 36°C.

The dried bread was cooled, broken in small pieces,

ground in a Wiley Mill and stored in a plastic container for
subsequent incorporation into the basal diets.
Experimental Ingredients.

The various fats, oils and

triglycerides used in this study were as follows:

stabilized animal

tallow, hydrogenated coconut oil (HCO), coconut oil (CO), lard, olive
oil (00), safflower oil (SO), triolein (TO) and trlpalmitin (TP).
Tallow was obtained from the L.S.U. poultry farm where it is used
regularly for feed formulation.

The rest of the lipids were purchased

from United States Biochemicals, Cleveland, Ohio.

The antloxldant

ethoxyquin was added to the oils at the rate of 1.56 mg/gr of oil to
prevent oxidation or rancidity.

All these lipids except tallow were

of reagent grade Intended for research use.

The lipids were analyzed
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for their fatty acid composition by gas chromotography at the LSU
Poultry Science Nutrition laboratory.

The fatty acid profile is shown

in Table 4 and the procedure by which this analysis was accomplished
is described elsewhere in this section.

It should be noted that

triolein which should be made up entirely of oleic acid, has been
found to contain other fatty acids.
showed no such contamination.

Tripalmitin on the other hand

The analysis of the other lipids showed

similar fatty acid profile as those from published sources (Reeves and
Weihrauch, 1979).
Dietary cholesterol in its crystalline form was obtained from
Sigma Chemical Company, St. Louis, MO.

Its purity was reported to be

at least equivalent to USP standards.
Parameters measured.
experiments.

Several parameters were measured in all

Egg production was recorded daily on production cards

situated at each individual cage and summed at the end of the
experiment.

Feed consumption was checked daily and feed weighback

performed weekly. Average daily feed Intake was then calculated from
these weekly measurements.

Other parameters obtained from laboratory

analysis Included yolk cholesterol, liver cholesterol, serum total,
ester and free cholesterol, bile volume, fecal cholesterol and
intestinal cholesterol absorption,

In addition, the fatty acid

composition of serum cholesterol esters were also determined for each
experiment.
The statistical analysis of the data was performed by using the
Statistical Analysis System (SAS, 1982).

The general linear model

procedure was used for the analysis of variance, and Duncan's multiple
range comparison was used to determine significant differences among

TABLE 4.

Fatty

Common

acid*

name

Fatty acid composition of the fats, oil and triglycerides.

Lipids2
CO

HCO

Lard

Tallow

00

SO

TO

TP

X of total fatty acids
8:0
10:0
12:0
14:0
14:1
16:0
16:1
18:0
18:1
18:2
18:3

caprylic
capric
lauric
myristic
miristoleic
palmitic
palmitoleic
stearic
oleic
linoleic
linolenic

---------

---------

---------

---------

---------

---------

---------

---------

3.88
53.59
21.11

3.85
50.69
20.92

---------

---------

---------

---------

---------

---------

---------

---------

---------

---------

---------

---------

---------

---------

10.00

10.84

---------

---------

2.52
6.69
1.88

12.31
1.36

7.49
0.05
2.66
12.50
77.20

----

-----

12.24
1.25
2.59
75.27
8.49
0.14

2.55
0.73
5.45
6.79
2.04
77.48
4.94

---------

---------

1.12
0.25
18.05
2.77
9.75
51.91
16.12

0.08

---------

1.70
0.14
25.47
3.37
16.75
42.31
9.05
1.18

---------

91 .10

98.61

43.92

28.92

10.23

14.83

10.04

100.00

Monounsaturated, X

6.96

1.36

45.82

54.93

12.55

76.52

85.00

---

Polyunsaturated, X

1.88

---

10.23

16.12

77.20

8.63

4.95

---

Saturated, X

---------

— ------

—

—

—

—

---------

100.00
-------------------------

---—
--

Numbers mean No. of carbons:No. of double bonds.

2

CO^coconut oil, HCO*hydrogenated coconut oil, SO=safflower oil, 00=olive oil, TO-triolein
(glyceryl trioleate), TP*trlpalmitin (glyceryl tripalmitate).

u>
00
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treatments (Barr et al., 1976).

Additional statistical procedures are

mentioned in the description of each of the experiments.
Sampling, sample preparation and cholesterol extraction.
Egg yolk. All eggs laid from day 1 to the end of the experiments
were identified, collected and stored in a 20°C egg cooler.

In

experiment 1 through 6, eggs laid on or close to day 1 and day 14 were
used for cholesterol analysis.

These eggs were hard boiled for 15

minutes the same day of collection and stored at 6°C for no longer
than two days before cholesterol extraction took place.
To extract cholesterol, the hard boiled eggs were first weighed,
peeled and the yolks carefully removed.

The yolks were then weighed

and individually blended for three minutes in isopropyl alcohol
(reagent grade), which was equivalent to nine volumes the weight of
the yolk.

This allowed the concentration of yolk material per

milliliter of alcohol to be constant for all samples.

Following

blending, the mixtures were placed into a 250 ml flask, allowed to
stand for twenty-four hours and a portion of the supernatant collected
and refrigerated at 6°C in a 16 x 150mm test tube with a teflon lined
screw-cap for subsequent analysis.

The blenders used were of the type

Semi-Micro (360ml capacity) from Eberbach Corporation, Ann Arbor,
Michigan.
Blood.

Blood samples (10 ml) were collected from each hen at the

completion of the experiments after hens were off feed for twenty-four
hours.

Blood was drawn by heart puncture using a lOcc syringe

equipped with a 20G, 28 mm disposable needle.

The samples were

transfered into 10 x 150 mm test tubes and allowed to clot in an
inclined position for maximum sera production.

After clotting,
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samples were centrifuged for about 10 minutes at 2500 revolutions per
minute.

The sera produced was carefully harvested into 10 x 100 mm

screw-capped test tubes and stored in a freezer (-6°C) for further
laboratory work.
Cholesterol extraction from the serum was accomplished by thawing
the frozen serum samples, vortexing for 5 seconds to insure homogenity
and pipetting 0.5 ml into labeled screw-capped culture tubes.

Next,

9.5 ml of isopropyl alcohol (reagent grade) was added to the tubes and
vortexed twice for about one minute each.

This completed the

extraction process and samples were then stored in the refrigerator at
6°C for further cholesterol and fatty acid analysis.
The extraction of plasma cholesterol using isopropyl alcohol has
been previously reported in the literature (Krehl and Lopez-S, 1967).
These researchers found that this solvent has the ability to
precipitate the proteins of the plasma while extracting plasma lipids
effectively.

They reported this extracting method to be accurate and

fast in determining not only total, free and esterified cholesterol in
the plasma but triglycerides, free and esterified fatty acids as well.
This method of extraction has been widely used especially in the
clinical determination of serum cholesterol by automated colorimetric
or flourometric procedures (Naito and Davis, 1984; and Technicon,
1974).
Liver and bile.

Following the collection of blood samples, the

hens were killed by cervical dislocation for liver removal and bile
collection.

First, the bile was collected with a disposable syringe

after the dead birds were cut open and their interior organs exposed.
Bile volume was Immediately measured while in the syringe and
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recorded.

The livers were then execised from the body cavity, placed

Into pre-labeled Whirl-Pak plastic bags and stored immediately in the
freezer for further proceseing.
For the extraction of cholesterol from the livers, the raw livers
were first thawed, weighed and cut approximately in half.

One of the

halves was wrapped tightly in aluminum foil and steamed-cooked for
about 15 minutes.

The cooked samples were then finely minced,

accurately weighed in tared aluminum dishes and blended for 3 minutes
with volumes of isopropyl alcohol equivalent to 9 times the weight of
the minced livers.

The blended mixtures were next transferred to 250

ml flasks and allowed to stand for at least 24 hours.

A portion of

the extracts were pipetted into teflon-lined screw cap tubes and
stored in the refrigerator at 12°C.
This extraction procedure using isopropyl alcohol was previously
developed by Naito and Lewis (1972), who used raw rat livers rather
than cooked ones.

They reported that the addition of FeCl^ color

reagent to an aliquot of clear extract produced a stable color with a
density proportional to the amount of cholesterol present.

Their

method of liver cholesterol extraction was shown to be more precise
than others in which alcoholic KOH and petroleum ether were used as
extractants.

In the present study, the Lieberman-Burchard reaction,

which is a also colorimetric procedure, was used to analyze
cholesterol in eggs, liver, serum, etc.

This method was tested for

reaction on isopropanol extracts of cooked liver samples by
Perez-Buriel (1984).

The reaction occurred immediately as evidenced

by the development of the characteristic green color indicating the
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presence of cholesterol in the samples.

More information about this

procedure is presented in the section "Analytical Procedures."
Feed and Feces.

Feed and feces samples were collected for

chromium and cholesterol determination to evaluate intestinal
cholesterol absorption.

Feed samples were collected in Whirl-Pak

plastic bags immediately after mixing each of the experiment diets and
stored promptly in the refrigerator for further processing.
Fecal samples were obtained by placing pans under each of the
Individual hens for a period of 3 days towards the end of the
experimental periods.

Small samples were taken from the accumulated

fecal material and placed into pre-labeled aluminum plates.

The fresh

samples were then dried overnight in a forced-draft oven at 36 °C,
cooledi bagged, labeled and stored at room temperature.
For chromium analysis, both the feed and fecal samples were
ground through a micro Wiley Mill using a 30 mesh screen.

The samples

were mixed well, placed in sample bottles, stoppered tightly, labeled
and stored for subsequent analysis.
For fecal cholesterol extraction, isopropyl alcohol was used.
This is not a regular method for this type of extraction but, this
possibility was explored in this study because of its quickness.
Several tests were carried out before using this method for which 0.5
grams of ground fecal samples from this and previous studies were
extracted with 4.5 ml of isopropyl alcohol.
In the first test,

the extracts were reacted with the

Lieberman-Burchard reagents to observe color development.

As

suspected, the characteristic green color was formed indicating
presence of cholesterol in the extracts.

In a second test, 6

A3
extracted fecal samples that came from hens given diets containing 0,
1 and 4% cholesterol were analyzed for their cholesterol content.

It

was believed that differences in fecal cholesterol content would be
observed due to dietary cholesterol.

Furthermore, results In terms of

cholesterol absorption and fecal cholesterol content would have to be
somewhat comparable to known methods reported in the literature.

Sim

and Bragg (1980) used a standard method for fecal cholesterol
extraction and showed that hens fed 1% cholesterol diets excreted
daily A22 mg of cholesterol of the 1005 mg that was consumed (58%
absorption).

This indictated that approximately half of the

cholesterol that was consumed was excreted in the feces.

Other

studies have indicated that hens are unable to utilize anymore than 1%
dietary cholesterol since 2 or k% of it failed to increase serum and
yolk cholesterol levels in a linear fashion (Hulett et al., 1964).
This could indicate that hens use this excretory pathway (feces) very
efficiently to prevent hypercholesterolemia upon excessive cholesterol
feeding (2-5%).

Under these conditions, cholesterol absorption

decreases and fecal cholesterol increases.
Results from the second test as analyzed colorimetrically are
shown below in Table 5.

The concentration of the cholesterol standard

used was 100 mg% with a spectrophotometrie absorbance reading of .735
and a calibrated autoanalyzer chart reading of 40.

The table shows

definite fecal cholesterol extraction patterns due to the increase in
cholesterol consumption.

As expected isopropanol extracted fecal

samples from hens fed 1 or 4% cholesterol diets showed higher
absorbance or autoanalyzer readings than those in which cholesterol
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TABLE 5. Isopropanol fecal cholesterol extraction patterns.

Sample

101
201
105
205

c1
X
0
0

1
1

741
731

0
4

intake
mg

ABS

0
0
1095
1028

.109
.130
.874
.955

0
4768

Auto
7
54

2

Fecal Cholesterol
mg/hen/day
X

Cholesterol
Absorbed

0. 148
0.176
1.189
1.330

67.6
56.5
518.3
621.4

58.8
45.1

0.175
6.750

80.7
3114.5

36.4

-

3

Dietary cholesterol
2

Spectrophotometer absorbance readings

3 Autoanalyzer chart readings, value for sample 731 is 1/5 its
original concentrat ion.
free diets were fed.

Visually, these samples were observed to be

substantially darker in green color when reacted with the LiebermanBurchard reagent.

In fact, sample 731 in Table 5 was so dark that a

1/5 dilution was needed to bring its autoanalyzer curve down to an
acceptable readable range.

Fecal cholesterol expressed in percent or

mg/hen/day basis was a reflection of the colorimetric values showing a
proportional increase with increased cholesterol consumption.

As

expected a tremendous increase in fecal cholesterol was observed when
4% dietary cholesterol was fed to the laying hen.

Finally, and more

importantly, cholesterol absorption percentages were similar to those
reported by Sim and Bragg (1980) when 1% dietary cholesterol was used.
The decrease in cholesterol absorption with 4% dietary cholesterol is
understandable and expected.
Based on these results, it was decided that Isopropyl alcohol
could be used as a fast way to extract cholesterol from feces.
Further testing for interference of fecal bile acids showed negative
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responses.

It was ultimately determined that 0.5 grams of ground

feces vortexed for a total of 3 minutes in 4.5 ml of the alcohol in a
16x150 mm screw-capped test tube yielded the best results.
Chromotographlc Procedures
Column chromotography was used to separate serum free and
esterified cholesterol.

Purification of the ester fraction was also

accomplished by the same technique.

Thin layer chromotography (TLC)

was utilized to assess separation of both fractions and to determine
whether the ester fraction was contaminated with other lipids,
especially triglycerides.

Gas chromotography was used for fatty acid

analysis of serum cholesterol esters.

This last procedure is

described under the section, Analytical Procedures.
Separation of ester and free serum

cholesterol. The free and

esterified cholesterol of each extracted serum cholesterol sample was
separated by column chromotography using a procedure described by
Deykin and Goodman (1962).

In this procedure, 6 ml of the extracted

serum samples were dried in a Buchler vortex evaporator under argon
gas, taken up in 2 ml of petroleum ether and dispensed into prepared
alumina columms (Woelm, neutral, grade II activity).

Cholesterol

ester was first eluted with 15 ml of a 1:1 V/V mixture of benzene and
petroleum ether.
V/V mixture

Free cholesterol was next eluted with 10 ml of a 1:1

of acetone and ethyl ether.All the samples

evaporated to dryness and reconstituted

were then

with 6 ml ofisopropyl alchol

for cholesterol analysis (See Analytic Procedures section).
TLC was used in earlier preliminary tests to determine the purity
of the eluted free or esterified serum cholesterol samples.

After

elution of both types of cholesterol, samples were dried and taken up
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in a mininal volume of chloroform (0.5 ml) to increase their
concentration.

Fifty microliters of each fraction (5 replicates) and

known standards of cholesterol, cholesterol ester(cholesterol oleate),
and triglyceride (triolein) were spotted on pre-coated 250 um Merck
silica gel TLC plates using microcapillary pipets.

Plates were then

developed vertically in a solvent mix containing 90:10:1 V/V/V of
hexane, ethyl ether, and glacial acetic acid.

This developing solvent

mix clearly separated free cholesterol, cholesterol ester and
triglyceride.

Following development, lipid spots were visualized by

spraying plates with Rhodamine B, a red TLC lipid reagent.

All spots

were clearly visualized.
Results showed two things: 1) free and esterified cholesterol
were eluted without contamination with each other ( in all 5
replicates); 2) in all cases, cholesterol ester spots were found to be
contaminated with triglycerides.

This contamination would not affect

cholesterol ester determination as explained in the section,
Analytical Procedures, but it would affect greatly its fatty acid
analysis. The contaminated samples were further processed by another
column chromotography procedure to purify it.

This procedure is

described next.
Serum Cholesterol Ester Purification.

This step was carried out

by a method developed and described by Kaluzny et al, (1985) in which
Bond Elute aminopropyl (500 mg KH^) bonded phase disposable columns
with stainless steel frits were employed (Analytichem International,
Harbor City, CA).
10 kilopolse.

Elution was performed under vacuum at approximately
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Using this method, serum cholesterol ester samples that remained
from previous cholesterol analysis (5 ml) were evaporated to dryness,
reconstituted in 0.2 ml hexane, loaded In the columns and the
cholesterol ester fraction eluted with 4 ml of hexane.

Eluates were

then dried and were ready for fatty acid transesterification
methylation procedures and ultimately for fatty acid analysis by gas
chromotography. This last procedure is described In the seclon,
Analytical Procedures.
In preliminary tests, six cholesterol ester samples that were
Isolated from triglyceride contamination as described above, were
shown to be free of such contamination as determined by the TLC
procedure described earlier.
Analytical Procedures
Cholesterol Analysis. Cholesterol content in the egg yolk,
serum, liver and feces was determined colorimetrically.

The procedure

used In this study was the Lieberman-Burchard reaction, a method
widely employed

in the analysis of serum cholesterol.

This method

requires a special reagent mixture that contains acetic anhydride,
glacial acetic acid and sulfuric acid In the ratio of 6:3:1
respectively.

Upon combining extracted samples with the reagent

mixture (1:5), cholesterol reacts with sulfuric acid to ultimately
produce, within seconds, a green-colored product chemically known to
be bis- cholestadienyl disulfonic acid (Hewitt and Pardue, 1973).
absorbance of the reacted sample is then measured at 630 nm by the
colorimeter.

The intensity of the green color is directly

proportional to the amount of cholesterol present in a particular
sample over a specified range of cholesterol concentrations.

The
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In this study, cholesterol analysis as described above was
determined by means of the Technicon Autoanalyzer II, an automated
continuous-flow system, in which the Method No. SE4-0016F H4 released
In August, 1974 was used.

Refrigerated extracted samples (yolk,

serum, liver or feces) were allowed to equilibrate to room temperature
before analysis.

Enough extract was then transferred to sample cups

and placed in the autoanalyzer sampler along with cholesterol standard
samples which were inserted at every 10th position.

The automated

analysis then proceeded as stated in the method and curves for each
sample were obtained from the recorder.
For the analysis of cholesterol on the yolk, liver and feces, a
working cholesterol standard equivalent to 100 mg% was prepared by
pipetting 10 ml from a 5 mg/ml cholesterol stock slution (Sigma
Chemical Company, St. Louis, MO) into a 50 ml volumetric flask and
bringing up to volume with isopropyl alcohol (reagent grade).

For the

analysis of serum cholesterol, a working standard equivalent to 1/20
of the 100 mgl cholesterol standard was prepared (5 mg%). Placing
standards at every 10th position was necessary to adjust possible
drifting during analysis.
Cholesterol content of the yolk, liver and feces was expressed in
mg per gram of the substance.

This was obtained by using the formula

shown below for yolk cholesterol.

The reference value (RF) was

obtained by dividing the cholesterol standard concentration into the
proper standard's peak chart reading.

ng/g yolk»(Sample peak reading x RF)/10.
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Serum cholesterol (total, ester or free) was expressed In mg%
using the numerator portion of the formula above.

The separation of

serum free cholesterol and sterified cholesterol was described
earlier.
Fatty Acid Analysis.

Prior to quantification of fatty acids by

gas chromotography, purified serum cholesterol ester samples were
subjected to transesterification reactions to convert the fatty acid
of these eaters to volatile fatty acid methyl esters.

Sodium

methoxide/methanol was the reagent used for this conversion.
In this procedure, 1 ml of this reagent and 1 ml of benzene were
placed into test tubes containing cholesterol ester samples previously
extracted, purified and dried.

The tubes were sealed with

teflon-lined screw caps and placed in a test tube-electric heater at
75 °C for 20 minutes, after which they were cooled to room
temperature.

Next, 3 ml of water and 3 ml of diethyl ether were

added, vortexed, the lower water layer removed and replaced with
another 3 ml of water, and the mixtures vortexed once more.

After the

second extraction, the top benzene/ether layer was removed and dried
over anhydrous sodium sulfate (Na2S0^>.

At this point, the extracts

were ready to be injected into the gas chromatograph for fatty acid
analysis but due to the very small amount of the acids in the samples,
the fatty acid methyl ester (FAME) extracts were dried and taken up in
0.1 ml of hexane to increase their concentrations.
Fatty acid analysis was determined using a gas chromatograph
(Hewlett Packard-model 5710A) equipped with two integrators (3390A and
3396A), hydrogen flame ionization detectors and 6 ft long x 2 mm i.d.
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stainless steel columns packed with 10Z Silar 10 C on 100/120 mesh
Gas-Chromo Q supports.
For the analysis, 1.0 ul of the concentrated FAME extracts were
injected into the chromatograph and fatty acid retention timeB as
computed by the integrators were compared to those of standard fatty
acid methyl esters.

Retention times of the detected fatty acids

(12:0, 14:0. 14:1, 16:0, 16:1, 18:0, 18:1, and 18:2) were very
consistent in all samples analyzed so that identification of the these
fatty acids by retention time was very clear.

Fatty acid concentration was expressed in percent of total fatty
acids detected and integrated.

These values in turn were converted

mathematically to mg% based on the mg% of serum cholesterol ester of
the respective samples.
Two FAME standard mixtures (FA-M1X-B and FA-18828) from ALltech
Associates Inc., Deerfield, IL., were used for fatty acid
identification.
Fatty acid analysis of the lipids used in this study were also
determined by the same procedure indicated above.

However, the

preparation of the FAME from these lipids was accomplished by using a
meth-Prep II reagent (Alltech Associates Inc.) which is exclusively
used on triglycerides.

This is a quick one-step procedure requiring

only that a known amount of oil (50 mg) be solubilized in 1 ml of
benzene before reacting with 1 ml of the Meth-Prep II reagent.

After

20-30 minutes of standing time at room temperature, samples were ready
for GC analysis.
Table 4.

The fatty acid profile of the lipids are shown in
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Chromium analysis. The analysis of chromium In feed and fecal
samples was accomplished by a procedure used by the Feed and
Fertilizer Laboratories at Louisiana State University.

Samples were

first acid digested for chromium extraction and then analyzed by
Atomic Absorption Spectrophotometry.
Chromium extraction involved digesting under heat 1.0 gram of
ground feed or fecal samples in 20 ml of a 7:3 mixture of nitric and
perchloric acids in 100 ml volumetric flasks.

Complete organic matter

digestion was indicated by the formation of a red-orange colored
solution at the base of the flasks.

Flasks were then removed from the

hot plates, cooled, made to volume with deionized water, stoppered and
mixed well.
Prior to analysis, extracted fecal and feed samples were further
diluted to 1/20 and 1/10 respectively in sampling tubes.

Chromium

standards from 1 to 4 PPM concentrations were also prepared in
sampling tubes.

All sampling tubes were loaded

ito an automatic

sampler, and chromium analysis was carried out using a Perkin Elmer
5000 atomic absorption spectrophotometer equipped with a chromium
hollow cathode lamp .

Percent chromium of the fecal and feed samples

were obtained from analyzed values (PPM) and dilution factors as
follows:
Fecal Cr, 1 - PPM X 2000/1000

Feed

Cr, % - PPM X 1000/1000
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The formula below, modified from Scott et al., (1982) was used to
calculate Intestinal cholesterol absorption (%) based on the values
obtained above and the percent values of feed and fecal cholesterol.

Choi. Dig., X « 100-{%FdCr/%FeCr x %FeChol/%FdChol x 100)

Where;
ZFdCr

■ Percent feed chromium

%FeCr

■ Percent fecal chromium

ZFeChol “ Percent fecal cholesterol
ZFdChol ■ Percent feed cholesterol
Description of the Experiments.
Preliminary experiment. The objective of this preliminary
experiment was to determine what level of dietary cholesterol would be
enough to significantly increase yolk cholesterol levels, and how long
would it take to reach such levels.

For this purpose, 9 diets

containing 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0% cholesterol
were formulated.
1.

The basal diet used for this trial is shown in Table

Thirty-six SCWL hens (68 weeks old) were randomly assigned to 4

blocks of 9 hens each.

Diets were then randomly distributed to each

hen within each block and fed for a period of 21 days.

Eggs laid on

or around days 3, 6, 9, 12, 15, 18, and 21 were used for cholesterol
analysis.
Experiment 1.
age were used.

In this experiment, 24 SCWL hens of 35 weeks of

The study used a randomized block design with 4 blocks

with a 3x2 factorial arrangement of treatments.

Hydrogenated coconut

oil (HCO), lard and tallow at 8% levels were compared to each other
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with or without 1% dietary cholesterol,

HCO is about 98% saturated

while the animal fats lard and tallow are 44 and 29% saturated
respectively according to our laboratory analysis.

The experimental

diets were randomly assigned within each block to the individually
caged hens and fed ad-libitum for 14 days.
Oils________Cholesterol

Experiment 2.

HCO

-+

Lard

-+

Tallow

-+

Hens used in this experiment were a week older

(36) than the previous experiment.

The experimental design and format

was the same as in Experiment 1 with the difference that HCO was
compared to safflower oil (SO) and olive oil (00) at 8% levels in the
presence or absence of 1% dietary cholesterol.
about 75%linoleic acid

(18:2) and 00

HCO is 98% saturatedcontaining

about

Note that SO contains

75% oleic acid (18:1) whereas
51% lauric acid (12:0).

Oils_______Cholesterol
HCO

- +

00

-

SO

- +

+

Experiment 3 . Again, this experiment followed the same design
and format of the previous two experiments.

However, the effect of

oleic acid from two sources, olive oil (00) and triolein (TO) was
primarily examined.

In previous experiments, coconut oil (CO) which

is about 91% saturated was shown to Increase yolk cholesterol more
than a high-oleic safflower oil (0S0) with about 75% oleic acid.
Olive oil however with almost identical oleic acid content also showed
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this superiority over OSO.

Coconut oil therefore was compared in this

respect to other high oleic acid containing oils as 00 and TO.

The

lipids were used at 82 levels with or without 12 dietary cholesterol.
Hens were 37 weeks old at the start of the experiment.
Oils_______Cholesterol
CO

-+

00

- +

TO

-+

Experiment 4 . The objective of this experiment was to study
further whether certain combinations of safflower oil (SO) and olive
oil (00) would affect cholesterol metabolism differently when given to
laying hens with or without 12 dietary cholesterol.

Total fat level

of the diets would remain constant at 81 but linoleic to oleic acid
ratios would change with each oil combination.

There is evidence

shoving that simultaneous feeding of these oils at 42 each causes yolk
cholesterol to increase more than when the oils alone are used with 1%
cholesterol.

Five oil combinations were used in this experiment

resulting in a 5x2 factorial arrangement of treatments.

The 10 diets

were randomly assigned to the individual hens (40 weeks old) within
each of 4 blocks and fed for a period of 14 days.
>0,2

00,2

Cholesterol

18:2

18:1

Fat

8

0

- +

5.92

0.93

8

6

2

- +

4.94

2.15

8

4

4

- +

3.27

3.36

8

2

6

- +

1.95

4.58

8

0

8

- +

0.63

5.80

8
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Experiment 5 . This experiment was similar to Experiment 4 in
design and format with the difference that the 5 oil combinations came
from olive oil (00) and triolein (TO).

The objective was to observe

if oleic acid mixtures from an oil and triglyceride would affect some
phase of cholesterol metabolism in the laying hen when given with or
without 1 % cholesterol.

The amount of the total oleic acid in the

treatments increase as more TO is combined with decreasing amounts of
00.

Theoretically, higher dietary oleic acid should have a greater

effect on serum, yolk and liver cholesterol levels.

Hens used in this

experiment were 43 weeks old.
00,%

T0,%

Cholesterol

18:1,%

8

0

- +

5.80

6

2

- +

5.89

4

4

- +

5.99

2

6

- +

6.09

0

8

- +

6.19

Experiment 6 . This experiment evaluated tripalmitin (TP),
3

triolein (TO), and cholesterol in an Incomplete 2
arrangement of treatments.

factorial

The highest TP-T0 level combination was

not possible since a constant level of dietary fat of 9% was required
for all added oil treatments.

The effect of TP and TO and their

conbination in presence or absence of cholesterol was evaluated.
Possible influences of palmitic acid, the only fatty acid of TP, as
precursor of oleic acid synthesis on serum cholesterol ester formation
was also studied.

Forty 65 old-week hens were divided into 5 groups

of 8 hens each and the diets were randomly assigned within each group.
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TP,Z

T0,%

Cholesterol

0

0

-

0

9

- +

9

0

- +

4.5

4.5

- +

+
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RESULTS
Preliminary Study
The results from feeding laying hens various levels of
cholesterol on feed intake, egg production, serum cholesterol and bile
volume are shown in Table 6.

Daily feed Intake and egg production

were not affected by any of the levels of dietary cholesterol.

Serum

cholesterol was also statistically unaffected but numeric Increases of
67 to 150% were observed.

The lack of statistical significance was

due mainly to the high variability of serum cholesterol values within
each treatment.

The results also showed that once an increase in

serum cholesterol was obtained with 0.5% dietary cholesterol, further
noticeable changes were not seen with the higher levels of dietary
cholesterol.

Treatment effects on bile volume showed significant

differences due to cholesterol feeding, with a trend for higher
volumes being observed with higher than 1% dietary cholesterol levels.
The results for yolk cholesterol levels are shown in Fig. 3 and
Fig. 4.

Figure 3 shows that early in the experiment (3rd day), no

changes in yolk cholesterol occurred with any of the levels of dietary
cholesterol.

Starting at day 6 however and more explicitly at days 9,

12, and continuing on at days 15, 18, and 21, significant linear
increases in yolk cholesterol were achieved by feeding 0, 0.5 and 1,0%
dietary cholesterol.

Feeding higher than 1% cholesterol did not

significantly increase further the already elevated yolk cholesterol
levels irrespective of the length of time to which the hens were
exposed, showing instead a significant quadratic response.

In Fig. 4,

yolk cholesterol responses as a function of time are shown.

The plot

reveals that as time increased from day 0 to day 9, a significant
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TABLE 6.

Effect of various levels of dietary cholesterol on feed

intake, egg production, serum cholesterol and bile volume in laying
hens (Preliminary exp.).

Cholesterol
<%)

Feed
Intake
Total number
(g/hen/day)
of eggs

Serum
j
Cholesterol
(tng%)

Bile
Volume
(ml)

0.0

110.5

17.0

67.7+11

0.5

110.5

17.7

141.4 +43

2.0d

1.0

107.9

19.0

126.0+24

3.0abc

1.5

112.6

17.2

125.0+15

3.2abc

2.0

107.7

17.5

125.0+21

2.9abcd

2.5

109.7

18.5

169.6+37

2.2cd

3.0

112.0

18.0

126.0+30

3.3ab

3.5

107.6

16.7

137.0+63

3.8a

4.0

114.3

19.0

113.0+20

3.2abc

2.3bcd

*Mean values + SEM.
Means within a column with different superscripts are
significantly different (P^.05).
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linear response in yolk cholesterol was observed.

This response was

more evident when 1% or higher levels of the cholesterol were used in
the diets.

From this time on and through day 21, a slight increase

occurred with all the test treatments but it proved to be of a
quadratic nature.

It was found that dietary cholesterol was

statistically correlated to yolk cholesterol and bile volume, and that
these two dependent variables were also correlated as well.

Serum

cholesterol levels were not correlated to diet or yolk cholesterol
levels nor bile volume (Table 7).

Experiment 1.
In this experiment, hydrogenated coconut oil (HCO) , lard and
tallow were evaluated in presence or absence of 1% dietary
cholesterol.

Results are shown in Tables 8 through 13.

Table 8 contains feed intake, egg production and yolk weight
responses.

None of these parameters were statistically affected by

oil type nor dietary cholesterol.

Some differences in yolk

cholesterol levels however were observed as indicated in Table 9.
Yolk cholesterol expressed in mg/g yolk or mg/whole yolk was
significantly affected by dietary cholesterol, but not by oil type
(see Table 52 appendix ).
Table 10 shows the effects of the diets results on liver weight,
liver cholesterol and bile volume.
liver weight

There was a treatment effect on

between the two lard diets.

Adding dietary cholesterol

to lard significantly increased liver weight.

I.iver cholesterol

expressed in mg/g of liver or mg/whole liver was significantly
affected by dietary cholesterol (4.7 to 10.7 mg/g liver or 84.5 to
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Table 7.

Correlations of diet cholesterol, serum cholesterol, bile

volume and yolk cholesterol (Preliminary Exp.j.

Serum
cholesterol

Diet
cholesterol

r
P

Serum
cholesterol

1

O
£

r

r

.48

.45

.4148

.0029

.0076

_

.24

.08

.1496

.6529

_

.54

_

P
Correlation coefficient.

2

Bile
cholesterol

.14

P

Yolk
cholesterol

Yolk
chloesterol

Probability that r is different from zero.

.0010
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TABLE 8.

Effect of feeding laying hens diets containing hydrogenated

coconut oil (HCO), lard or tallow with or without 1% cholesterol on
feed intake, egg production and yolk weight (Exp. 1).

j
Oil

Cholesterol

Feed intake
(g/hen/day)

Total number
of eggs

Yolk weight^
(b )

HCO

-

107.0±7.la

13.0+0.413

17.25+0.49a

HCO

+

107.1+3.2a

13.0+0.71a

17.07+0.58a

Lard

-

109.1+4.la

12.8+0.253

17 .10+0.29a

Lard

+

107.2+3.5a

13.010.71a

16.72±0,4la

Tallow

-

110.3+5.4a

13.3+0.75a

17.47±0.30a

Tallow

+

102.7+3.2a

12.5+0.293

16 ,55+0.42S

^With (+) or without (-) 1% cholesterol
2

(P

Boiled egg yolks.

^ e a n s w i th the same letters are not s i g n i f i c a n t l y di fferent
< .05) .
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TABLE 9.

Effects of feeding laying hens diets containing hydrogenated

coconut oil (HCO), lard or tallow with or without 1% cholesterol on
yolk cholesterol levels (Exp.l).

Yolk cholesterol
Oil

cholesterol

mg/g yolk

mg/whole yolk

HCO

-

12.63+0.26b

217.44+03.10b

HCO

+

22.13±0.73a

376.69+06.64a

Lard

-

12.69±0.28b

217,04±07.07b

Lard

+

21.69+0.16a

362.60+07.67a

Tallow

-

12.63±0.54b

221.06+13.28b

Tallow

+

21.69+0.213

358.82+08.38a

^ With (+) or without (-) 1% cholesterol
cib
(P

M e a n s w i th
.05).

the same

letter are not s i g n i f i ca n t l y diff er en t
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TABLE 10.

Effect of feeding laying hens diets containing hydrogenated

coconut oil (HCO), lard or tallow with or without 1% cholesterol on
liver weight and liver cholesterol levels (EXP.l).

Liver
cholesterol

Liver ^
weight

Whole liver
cholesterol

Bile
volume

(mg)

(ml)

Oil

c1

HCO

-

17.2+1.67ab

4.8+0.26°

81.4+03.86°

1 .22+0.19b

HCO

+

19.6+0.36ab

8.3±1.2 lb

161.9+20.79b

2.27+0.293

Lard

-

16.5±0.80b

5.0+0.22°

83.0+07.88°

1 .47+0.17b

Lard

+

21 .2+1.113

11,l±1.35a

246.4 +32.62a

2.30±0.13a

Tallow

-

20.3+1.38ab

4.4±0.19°

89.2+04.78°

1 .17 +0.17b

Tallow

+

18.4+1,06ab

12.3+0.79a

225 ,4±22.48a

2.47+0.12a

(rag/g)

(b )

^With (+) or without (-) \% cholesterol.
2

Cooked liver weight.

d t)C

(P

M e a n s w i t h the
< .05).

same

l e tt e r s are not

significantly

different
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211.2 mg/whole liver) but not by oil type.

The increase was

significantly greater when cholesterol was mixed with lard or tallow
than when mixed with HCO.
cholesterol.

There was no interaction between oil and

Bile volume followed similar trends as liver cholesterol

with no effect due to oil type, but a definite significant increase
with dietary cholesterol (1.3 to 2.3 ml).
Serum cholesterol values are presented in Table 11.

Generally,

with an increase in total serum cholesterol, an Increase in both
esterified and free cholesterol levels were also observed.

There was

no significant effect due to oil type but lard and tallow feeding in
absence of cholesterol promoted lower serum total, esterified and free
cholesterol levels than HCO feeding.

Dietary cholesterol had a

significant effect on all these serum cholesterol parameters.

Its

inclusion in the diet with any of the oils elevated all levels of
cholesterol, but the greatest response was obtained when it was
included with lard.

The ratio of esterified to free cholesterol in

the serum was not influenced by oil type nor cholesterol.

Treatment

comparisons however showed HCO to produce a significant higher ratio
than lard.
Fatty acid changes in the ester fraction of serum cholesterol as
influenced by type of fat and dietary cholesterol are shown in Table
12.

There were no significant changes in the concentration of any of

the cholesterol esters shown in the table as a result of feeding
laying hens either HCO, lard or tallow.

Hydrogenated coconut oil in

absence of cholesterol tended to show higher levels of these esters
than those in which lard or tallow were used.

In the presence of

cholesterol, the levels of all forms of serum cholesterol esters were
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TABLE 11.

Effect of feeding laying hens diets containing hydrogenated

coconut oil (HCO), lard or tallow with or without 1% cholesterol on
serum cholesterol parameters (Exp.l).

Serum cholesterol (mg%)
Ratio
(Ester: free)

Oil

c1

HCO

-

62.1+04.81b

41.9+02.90b

26 .9+02,47b

1.6±0.06a

HCO

+

82.2+33.77b

47.9+13.71b

43.8+18.79ab

1.3±0.13ab

Lard

-

50.5+06.36b

32.6+03.02b

27.7+03.97b

1,2±0.07b

Lard

+

175.8+44.74a

95.7+20.53a

85.3±23.23a

1.2+0.16b

Tallow

-

54.3±07.1lb

34.B+05.16b

2 7 .8+03.82b

1 .3 +0.08ab

Tallow

+

88 .1±12.55b

51.9+08.84b

43.7+05.46ab

1.2+0.09b

Total

Ester

Free

^With (+) or without (-) IX cholesterol.
Means with the same letters are not significantly different
(P < .05).

00

TABLE 12.

Effect of feeding laying hens diets containing hydrogenated coconut oil (HCO), lard or

tallow with or without 1% cholesterol on fatty acid changes in the cholesterol ester fraction of the
serum (Exp. 1).

Serum cholesterol esters, (mgZ)
14:0

16:0

16:1

18:0

18:1

Oil

c1

HCO

-

6.22±0.89a

5.28i0.39ab

0.4410.15a

0.92i0.32ab

17.3110.82b

11.71ll.34b

HCO

+

5.30±1.1la

5.10±1.67ab

0.73±0.73a

1.6410.89ab

21.86±7.79b

13.28l2.0lb

Lard

-

5.65±0.86a

3.55i0.34b

0.21±0.21a

o

b

14.4111.37b

8.83ll.01b

Lard

+

8.00±0.84a

7.33±1.82a

1.2810.92a

2.2011.023

55.14114.5a

21,40l3.42a

Tallow

-

5.13±0.92a

3.76±0.63b

o

a

0.58l0.30ab

14.9411.66b

10.34i2.03b

Tallow

+

5.95±1.91a

3.74±0.56b

0.75l0.30a

0.82±0.49ab

26.85i3.57b

13.23l2.81b

^With (+) or without (-) IX cholesterol.
3b

Means with the same letters are not significantly different (P < .05).

18:2
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increased regardless of the type of fat used.

These increases were

significant for cholesterol palmitate (16:0), stearate (18:0), oleate
(18:1) and linoleate (18:2) only when cholesterol was added to lard.
In the case of cholesterol oleate and linoleate, their elevated levels
were also significantly higher than those in which cholesterol was
added to HCO or tallow.

The analysis of variance indicated that there

was a cholesterol effect on these two esters, but no interaction
between fat type and cholesterol was detected.

Treatment differences

also indicated that the lard-cholesterol diet produced significantly
higher cholesterol palmitate levels than the tallow-cholesterol diet.
Cholesterol absorption parameters are presented in Table 13.
Cholesterol intake was not influenced by dietary fat when 1Z
cholesterol was incorporated in the diet.

Cholesterol excretion

increased significantly with cholesterol feeding, but there was no
difference among the fats with or without dietary cholesterol.
Cholesterol excretions from hens fed the fat diets without cholesterol
were nearly the same (about 110 mg/day).

Cholesterol absorption was

not affected by any of the fats used in this experiment.
In summary, feeding laying hens HCO, lard and tallow by
themselves did not appear to have a great effect on most parameters
measured.

Most of the significant changes were due to dietary

cholesterol.

In the presence of cholesterol lard seemed to exert

greater effects than HCO or tallow on parameters such as serum and
liver cholesterol levels, and on changes in the fatty acid composition
of cholesterol esters in the blood.

Large variability in serum

cholesterol levels of hens treated equally

were observed.

variability Increased as serum cholesterol levels increased.

This
This was
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TABLE 13.

Effect of feeding laying hens diets containing hydrogenated

coconut oil (HCO), lard or tallow with or without 1% cholesterol on
cholesterol absorption measures (Exp. 1).

Cholesterol
.
intake
Cholesterol
(mg)

Oil

HCO

-

HCO

+

Lard

-

Lard

+

Tallow

-

Tallow

+

2

Cholesterol
excreted
(mg)

Il0tl0b

-

1070±30a

560±40a

112±10b

-

1070±40a

580±70a

110±20b

-

1030+30a

530±60a

Cholesterol
absorbed
(Z )

-

57.18±2.40a

-

57.67 +5.U 9 a

-

59.42±3.86a

*With (+) or without (-) 1Z cholesterol.

2

Based on daily feed intake.

3
Endogenous cholesterol considered,
clfr

(P

Means with
<.05).

the

same

l et te rs ar e not s i g n i f i c a n t l y

3

different
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the reason for the non significant differences observed among most
treatment comparisons despite large numeric differences.

This

phenomenum was observed in all experiments.

Experiment 2
This experiment evaluated hydrogenated coconut oil (HCO), olive
oil (00) and safflower oil (SO) in presence or absence of 1% dietary
cholesterol.

Results are presented in Tables 14 through 19.

Feed Intake, egg production and yolk weight results are shown in
Table 14.

Daily feed Intake was affected only by HCO plus cholesterol

diet causing hens to consume significantly less of it than the HCO
diet.

This depression was not different from the rest of the

treatments.
diets.

Egg production was not influenced by any of the oil

Feeding cholesterol with 00 however significantly decreased

production as compared to the 00 and SO-cholesterol diets.

Yolk

weight was significantly reduced by cholesterol when fed to hens with
HCO or 00, but no differences existed between the oil diets nor the
cholesterol diets.
Yolk cholesterol levels per whole yolk or per gram of yolk were
significantly increased by the addition of dietary cholesterol to HCO,
00, or SO (Table 15).

Dietary oil had no effect on both yolk

cholesterol expressions.

The increase in milligrams of cholesterol

per gram of yolk with HCO + cholesterol was significantly greater than
that in which cholesterol was fed with 00 or SO.

Total egg

cholesterol was significantly higher in the HCO and SO + cholesterol
diet than in the 00 diet supplemented with cholesterol but there was
no difference between the HCO and SO + cholesterol diets.
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TABLE 14.

Effect of feeding laying hens diets containing hydrogenated

coconut oil (HCO), olive oil (00) or safflower oil (SO) with or
without 1% cholesterol on feed intake, egg production and yolk weight
(Exp. 2).

Oil

Cholesterol

Feed intake
(g/hen/day)

Total number
of eggs

HCO

-

101.3+1.94*

11.3+0.25

HCO

+

97.6+4.16b

11.7+0.33

00

-

109.3+5.13Sb

12.5±0.29a

17.82±0.39a

00

+

100.5+4.24ab

11.0+0.71b

15.47+0.65b

SO

-

102.5+3.55ab

11.3+0.48ab

17.10±0.32

SO

+

103.0+5.08ab

12.7+0.33a

17,13+0.29ab

Yolk weight
(e)

aU
17.90+0,56a
ah

15.97±0.54b

^ With (+) or without (-) 1% cholesterol
2

Boiled egg yolks

3b
(P <

Me a ns w i t h the same letters are not s ig ni fi ca n tl y d if ferent
.05).

ah
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TABLE 15.

Effects of hydrogenated coconut oil (HCO), olive oil (00),

or safflower oil (SO) with or without 1% cholesterol on yolk choles
terol levels (Exp. 2).

Yolk cholesterol
Oil

Cholesterol

mg/g yolk

mg/whole yolk

HCO

-

13.4810.44°

240.69104.99°

HCO

+

22.03±0.50a

351.60HI .06a

00

-

12,5110.26C

223.03106.25°

00

+

20,21±0.53b

312.05108.95b

SO

-

12.8310.30°

219.27105.76°

SO

+

20.13±0.82b

345.03116.36a

^ With (+) or without (-) 1% cholesterol
3b

(P

Means with
^ .05).

the same

l et te rs are not s i g n i f i c a n t l y

d i f f e r en t
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Liver weight, liver cholesterol and bile volume responses are
listed in Table 16.

In the absence of cholesterol, dietary oil did

not influence liver weight, liver cholesterol or bile volume.

The

addition of cholesterol to all oil diets had very little effect on
liver weight, but its supplemention to 00 yielded the heavier livers
than those from HCO or SO diets supplemented with cholesterol.

Liver

cholesterol content per whole liver or gram of liver was greatly
increased by cholesterol feeding with all oils.

Olive oil plus

cholesterol caused the highest increase being significantly different
than the Increases caused by cholesterol in presence of HCO or SO.
Bile volume was also markedly increased by cholesterol in each oil
diet with no differences among them.
Changes in serum cholesterol levels were primarily due to dietary
cholesterol as shown in Table 17.
the type of oils used.

There were some differences due to

Both 00 and SO fed birds had lower levels of

total, esterified and free cholesterol than birds fed HCO.

Adding 1/J

cholesterol to SO and HCO did not change significantly any of the
serum cholesterol measurements, but the response from adding
cholesterol to 00 was significant compared to the 00 diet and to the
other oil-cholesterol diets as well.

There was no difference on the

ester: free ratio due to any of the treatments.
Table 18 contains the results on the changes of the various serum
cholesterol esters.

Comparing the three oils in the absence of

dietary cholesterol showed HCO fed hens to have significantly higher
levels of serum cholesterol myristate (14:0), palmitate (16:0),
palmltoleate (16:1) and stearate (18:0) than those hens fed 00 or SO.
There were no differences that were significant in the levels of all
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TABLE 16.

Effect of feeding laying hens diets containing hydrogenated

coconut oil (HCO), olive oil (00) or safflower oil (SO) with or with
out 1% cholesterol on liver weight and liver cholesterol levels
(Exp. 2).

Liver 2
weight

Liver
cholesterol

Whole liver
cholesterol

Bile
volume

(mg)

(ml)

Oil

cl

HCO

-

21.3+0.99ab

4.4±0.06°

94.0+03.38C

I.17+0.13b

HCO

+

19.5+0.62b

7.4+0.26b

144.6±05.17b

2.33+0.35a

00

-

21.1+1.77ab

4.1+0.23C

85.3+02.86°

1.45 +0.15b

00

+

24.6±1.54a

13.8+0.38a

340.3+21,50a

2.32+0.31a

SO

-

19.7±1.15b

4.3+0.06c

84.4±05.25°

1.37±0.20b

SO

+

17.7+1.67b

7.8+0.73b

135.2+06.18b

2.33±0.47a

(g)

(mg/g)

*With (+) or without (-) 1% cholesterol.
2

Cooked liver weight.

sbc
(P

Me an s wi th the same letters are not s i g n i f i c a n t l y different
< .05).
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TABLE 17.

Effect of feeding laying hens diets containing hydrogenated

coconut oil (HCO), olive oil (00) or safflower oil (SO) with or with
out IZ cholesterol on serum cholesterol parameters (Exp. 2).

Serum cholesterol (rogX)
Total

Free

Ester

Ratio
(Ester; free)

Oil

c1

HCO

-

96.1±18.93b

48.0i03.41b

50. 7116.46b

1.210.343

HCO

+

85.0±12.86bc

48.1108.77b

39.9i05.52b

1.210.14a

00

-

53.8±03.74bc

32.0103.10C

26.6102.93b

1.210.17a

00

+

222.9118.77a

127.9104.12a

102.6117.563

1.410.243

SO

-

48.2105.52C

30.8105.14c

2 2 .6102 .16b

1.410.12a

SO

+

56.3il2.29bc

32.7104.40C

29.2116.67b

1.210.1I3

^With (+) or without (-) IZ cholesterol.

(P

Me a ns w it h the same letters are not
^ .05).

s i g n i f i c an t ly d if ferent

TABLE 18.

Effect of feeding laying hens diets containing hydrogenated coconut oil (HCO), olive oil

(00) or safflower oil (SO) with or without 1% cholesterol on fatty acid changes in the cholesterol
ester fraction of the serum (Exp. 2).

Serum cholesterol esters, (mgZ)
Oil

c1

HCO

-

10.60+0.76b

HCO

+

00

-

00

+

SO
SO

14:0

16:0

16:1

18:0

18:1

18:2

5.15±0.52b

0.77+0.32b

1.61+0.23b

16.3711.12cb

13.49H.71b

8.83±1.75c

3.87±0.81cb

0.43±0.22b

1.36+0.37b

20.22l3.94b

13.36i2.91b

7.99±0.51C

2.65+0.38cd

0

c

0.27+0.27C

13.27H ,54cbd

14.2310.74a

7.0U0.303

1.90±0.17a

2.36+0.10a

79.6612.84a

22.63+0.613

-

8.21±1.18C

2.42±0.44d

o

c

0 .1810 .18C

8.40il.04d

11.55±2.68b

+

8.39l0.38c

1.9210.27d

0

c

0 .21 +0 .21 C

10.4112.1lcd

11.68+2.45b

*With (+) or without (-) 12 cholesterol.
abcMeans with the same letters are not significantly different (P ^ .05) .

7.82 + 1.25b
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esters between 00 or SO treated birds.

Cholesterol decreased the

amount of all ester forms with HCO except oleate (18:1) whereas no
change was observed with SO, but mean differences between these two
treatments were significant in favor of HCO on all esters except 14:0
and 18:2.

Cholesterol feeding with 00 however significantly elevated

the concentration of all serum cholesterol esters, particularly of
oleate (18:1) and linoleate.

These increases were also significant

when compared to the other oils plus cholesterol diets but oil and
cholesterol interactions for all variables were detected.
Cholesterol absorption was not significantly affected by any of
the oils (Table 19).
HCO.

Numerically less cholesterol was absorbed with

Similarly cholesterol consumed and excreted was not influenced

significantly by the type of oil used.

More cholesterol was excreted

with HCO in spite of its lower consumption.

Experiment 3.
The effect of coconut oil (CO), olive oil (00) and triolein (TO)
with or without 1% dietary cholesterol was assessed in this
experiment.

The results are presented in Tables 20 through 25.

As shown in Table 20, feed intake, egg production and yolk
weights were not affected by the oil diets.

Incorporation of

cholesterol to the 00 diet however significantly reduced egg
production compared to the non-supplemented 00 diet.

Yolk weight was

not influenced by cholesterol although the mean value with CO was
significantly greater than that of TO in the presence of dietary
cholesterol.
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TABLE 19.

Effect of feeding laying hens diets containing hydrogenated

coconut oil (HCO), olive oil (00) or safflower oil with or without 1%
cholesterol on cholesterol absorption measures (Exp. 2).

Cholesterol
Intake
Cholesterol*
(mg)

Oil

HCO

-

HCO

+

00

-

00

+

SO

_

SO

+

2

Cholesterol
excreted
(mg)

-

Cholesterol
absorbed

-

80±10b

980+403

530+70°

55 .16+5.163

90+10b

-

1000+40a

420±40a

90±10b

-

1030i50a

450t60a

64 .00+2.28a

-

62.14±3.00a

*With (+) or without (-) 1% cholesterol.
2

Based on daily feed intake.

3
Endogenous cholesterol considered.

(P

Means with
< .05).

the

same

l e t t er s a re not

3

significantly different
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TABLE 20.

Effect of feeding laying hens diets containing coconut oil

(CO), olive oil (00) or triolein (TO) with or without 1% cholesterol
on feed intake, egg production and yolk weight (Exp. 3).

j

Feed intake
(g/hen/day)

Total number
of eggs

-

102 .6 ±6 .4a

11.3+0.85ab

16.80±0.60ab

CO

+

115.3±4.6a

11.8+0.25ab

17.42±0.15a

00

-

118.5±6.9a

13.3+0.48a

16.87+0.5Aab

00

+

105.0+9.7a

10.5+1.50b

17 .10+0.18ab

TO

-

105.0+5.2a

12.0±0.41ab

16.70 +0.61ab

109.5+2.7a

12 .3±0.63ab

15 .65+0.7lb

Oil

Cholesterol

CO

TO

Yolk weight‘d
<8 >

^With (+) or without (-) 1% cholesterol

2

Boiled egg yolks,

flb

(P

Means with
<.05).

the

same

l e t t e rs are not

significantly

different
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Yolk cholesterol levels were not Influenced by type of oil but
were significantly increased by dietary cholesterol (Table 21).

In

the presence of cholesterol, yolk cholesterol whether expressed in
miligrams per gram of yolk or per whole yolk was significantly
increased in all oil diets.

The increase in total cholesterol with

the TO-cholesterol diet however was significantly less than those in
which CO or 00 were used with cholesterol.

This difference was

primarily due to the decrease in yolk weight with the TO-cholesterol
diet as shown in Table 19.
In Table 22, treatment means for liver weight, liver cholesterol
and bile volume are presented.

Liver weight was not affected by the

dietary treatments but a tendency for livers to increase in weight
with cholesterol feeding was observed.

These oils by themselves had

no influence on liver cholesterol whether expressed in milligrams per
grams of liver or miligrams per whole liver.

However, a marked

increase in both expressions of liver cholesterol was observed with
all oils in the presence of dietary cholesterol.

These increases were

proportionally equal with all oils, showing therefore no differences
among these treatments.

Bile volume was also unaffected by oil type

but with cholesterol did significantly increase the volumes above that
of the 00 alone or the CO plus cholesterol diet.
Similar results were observed with serum cholesterol levels
(Table 23).

Although no statistical effects due to the oils

themselves were observed, 00 and TO seemed to have lowering effects on
all serum cholesterol measurements as compared to CO with 00 showing
the lowest serum cholesterol values.

Dietary cholesterol

significantly raised serum cholesterol levels (total, ester and free)
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TABLE 21.

Effect of feeding laying hens diets containing coconut oil

(CO), olive oil (00) or triolein (TO) with or without 1% cholesterol
on yolk cholesterol levels (Exp. 3).

Yolk cholesterol
Oil

cholesterol

mg/g yolk

mg/whole yolk

CO

-

13.27±0.85b

222.59114.57C

CO

+

20.75±1.03a

361.21115.25a

00

-

12.89±0.66b

218.30H7.15C

00

+

20 .86 +0 .68*

356.83+13.78*

TO

-

12.61±0.29b

210.57+08.51C

TO

+

19.61±0.83a

305.45+08.02b

^ With (+) or without (-) 1% cholesterol

(P

Means with
^ .05).

the same

letters are not s i g n i f i ca nt l y d if ferent
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TABLE 22.

Effect of feeding laying hens diets containing coconut oil

(CO), olive oil (00) or triolein (TO) with or without 1% cholesterol
on liver weight and liver cholesterol levels (EXP. 3).

Liver ^
weight

Liver
cholesterol

Whole liver
cholesterol

Bile
volume

(mg)

(ml)

Oil

c1

CO

-

18.6i2.02a

4.4+0.06b

81.9+08.1lb

1.30+0.17C

CO

+

21.8±1.72a

11 .2+1 .17a

239.1+19.05a

1 .47±0.24bc

00

-

19.6+1.36a

4.4±0.26b

85,4+02.2lb

1 .10±0 .10C

00

+

22.1+1.24a

12.3+1.56a

272.9+38.45a

2.32+0.26a

TO

-

18.8+0.75a

A.l+0.15b

76,7+02.80b

1.15+0.12C

TO

+

21.4±1.82a

12.0+2.093

252.1+46.17a

(g)

(mg/g)

2.10+0.30ab

*With (+) or without (-) 1% cholesterol.
2

Cooked liver weight,

dbc

(P

Me an s w i t h the same letters are not s i g n i f i c an t ly d if ferent
<.05) .
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TABLE 23.

Effect of feeding laying hens diets containing coconut oil

(CO), olive oil (00) or triolein (TO) with or without 1% cholesterol
on serum cholesterol parameters (Exp. 3).

Serum cholesterol (mg%)
Total

Ester

Ratio
(Ester: free)

Oil

c1

CO

-

97 .6 +28.97b°

47.7±05.24ba

52.3125.80ba

CO

+

125.7+24.6lab

62.3112.94ba

62.0113.03

l.OiO.ll3

00

-

42.5+04.88C

23.2103.59b

19.7l01.53b

1 .210.1 l3

00

+

192, 8i41.223

118.1147.24a

74.1105.263

1.710.833

TO

-

70.7±10.93bc

48.9114.07ba

22.2101.49ba

2.310.793

TO

+

69,8113.12bc

38.5+07.90b

32.6104.92b

1 .2 1 0 .10a

Free

1 .6 1 0 .613

Ka

^With (+) or without (- ) 1% cholesterol ■
abcMeans with the same letters are not significantly different
(P < .05) .
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with 00, but not with CO or TO despite large numeric differences.
Mean values from the 00 plus cholesterol treatment were also
significantly greater than those from the TO plus cholesterol
treatment, but not from the CO plus cholesterol treatment.

The ratio

of cholesterol ester to free for all treatments was statistically the
same.
Serum cholesterol esters were not affected greatly by the oils or
dietary cholesterol (Table 24).

Cholesterol myristrate (14:0) and

oleate (18:1) were the only esters that were significantly increased
by dietary cholesterol when given to hens with 00.

The increase in

myristate was not statistically different from those of the other
cholesterol containing diets but it was in the case for cholesterol
oleate.
In Table 25, it is shown that cholesterol intake was not
Influenced by type of oil used in this experiment,

hess cholesterol

however was excreted through the feces when dietary cholesterol was
consumed with TO than with CO, but its absorption from the intestinal
tract was not influenced significantly by any of the oils.

Experiment 4.
In this experiment safflower oil (SO) and olive oil (00) were
combined in various ratios and their effect was evaluated in presence
or absence of 1% dietary cholesterol.

Tables 26 through 32 present

the results.
Feed consumption was affected only by the diets containing the
highest amount of 00 in absence of cholesterol.

This did not affect

egg production however as compared to the rest of the treatments.

Egg

vO
00

TABLE 24.

Effect of feeding laying hens diets containing coconut oil (CO), olive oil (00) or tri

olein (TO) with or without 1% cholesterol on fatty acid changes in the cholesterol ester fraction of
the serum (Exp. 3).

Serum cholesterol esters, (mgZ)
14:0

16:0

16:1

18:0

18:1

Oil

c1

CO

-

8.69±0.08ab

4.80+1.043

0.46+0.24a

0.27+0.273

17.05+2.62b

13.34+2.253

CO

+

9.78+1,823

4.89+1.253

0.85+0.323

1.21+0.533

30.37+6 .51b

15.13+2.853

00

-

5.06±0.97b

1.81±0.38a

o

o

3

10.36+2.65b

5.91+1.393

00

+

9.92+1.293

6 .59+2.69a

0.83±0.52a

2.2411.293

73.92±29.7a

24.49+12.33

TO

-

8.63±1.73ab

5.26±1.89a

0.46+0.46a

1.02+0.693

20.33+5.92b

13.08+4.183

TO

+

8.69±0.33ab

1.78+0.363

o

o

18.68+5.77b

9.30+1.773

a

a

3

^With (+) or without (-) 1% cholesterol.
Means with the same letters are not significantly different (P ^ .05).

18:2
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TABLE 25.

Effect of feeding laying hens diets containing coconut oil

(CO), oleic acid (00) or triolein (TO) with or without 1!E cholesterol
on cholesterol absorption measures (Exp. 3).

Cholesterol
intake
Cholesterol^
(mg)

Oil

CO

-

CO

+

00

-

00

+

TO

-

TO

+

2

Cholesterol
excreted
(rag)

-

1150±50a

-

1050±99a

1090±30a

70±00C
810±30a

110±20 C

640i80ab

80±10C
610±99b

Cholesterol
absorbed
(%)

38.I8i3.97a

45.74+8.38a

49.72±8.65a

*With (+) or without (-) 1% cholesterol.
2

Based on daily feed intake.

3
Endogenous cholesterol considered,
dbc

(P

3

M e a n s w i t h the same letters are not s i g n i f i ca nt l y d if ferent
< .05).
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yolk weight was reduced by dietary cholesterol only when it was given
with the oil combination containing 21 SO and 6 % 00 (Table 26).
Yolk cholesterol as indicated in
any

Table 27 was not influenced by

of the oil combination diets when given to laying hens without

cholesterol.

Dietary cholesterol increased yolk cholesterol in all

S0-00 combinations equally in a significant manner whether expressed
in milligrams per gram of yolk or per
In Table 28, liver weight, liver
responses are shown.

whole yolk basis.
cholesterol and bile volume

These paramenters were not influenced by any of

the S0-00 combinations.

There was a tendency however for the mean

values of these parameters to increase as the proportion of 00
increased in the diets.

This tendency was stronger when dietary

cholesterol was present in these diets.

Dietary cholesterol

significantly increased liver cholesterol measured in milligrams per
gram of liver or milligrams per whole liver with all diets.

Although

all increases were statistically the same, higher liver cholesterol
values were observed with increasing amounts of 00 in the diets with
the diet having only 00 producing significantly more liver cholesterol
than the diet in which only SO was present.

Bile volume was

significantly Increased by cholesterol when it was present in the diet
only with 21 SO - 6 % 00 and 6 % SO - 21 00.
Serum cholesterol levels were not affected significantly by any
of the S0-00 combinations (Table 29).

When both oils were present at

equal amounts however, the levels seemed to be some what higher than
those of the other oil mixtures.

Dietary cholesterol seemed to

increase the levels of all forms of serum cholesterol, regardless of
the SO-OO ratio used, but statistically, mean differences were not
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TABLE 26.

Effect of feeding laying hens diets containing various

mixtures of safflower oil and olive oil with or without \%
cholesterol on feed intake, egg production and yolk weight (Exp. 4 ).

Safflower
oil

Olive
oil

(Z)

(Z)

8

0

c1

(Z)

+

4

113, 3i6.2aj*
121 .1±2 -1

12.8+0.253
13.0+0.41a

17.0710.443
17.7710.593

1 13.016.6^

12.310.75a
12 .5±0.87a

17.3510.353
17.42+0.783

+

123.7 +5.4aj*
119.6+3.4

13.0+0.4 la
13.0+0.003

17.30+0.563
17.30+0.413

+

128.4 +3.9a
112 .215.0

13.0+0.71a
10.8+1.65a

18.35+0.58a
16.27+0.51

+

108.7+5.l£
108.3±7.9

12.3l0.48a
12.0+0.413

18.02 +0.633
16.60+0.423

6

8

0

Yolk weight^
(g)

116.113.2

4

2

Total number
of eggs

+

2

6

Feed intake
(g/hen/day)

^With (+) or without (-) 1% cholesterol
2

(P

Boiled egg yolks.

Means with
^ .05) .

the

same

l e tt e rs are not

s i g n i f i c a n t l y d i f f e r e nt
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TABLE 27.

Effect of feeding laying hens diets containing various

mixtures of safflower oil and olive oil with or without IX
cholesterol on yolk, cholesterol levels (Exp. 4).

Safflower
oil
(%)

8

Olive
oil
U)

Yolk Cholesterol
Cholesterol*
(%)

(mg/g yolk)

+

12.23+0.12b
20.60±0.67a

208.79+04.97C
367.29 +23.41a

+

12.4310.20b
21.12+0.62a

215.73+07.12°
367.93+19.10a

+

12.35+0.34b
20.02+1.17a

213.35106.86°
345.46+16.71a

+

12.70+0.35b
19.94+0.50a

232,47102,48°
325.13H7.42

+

12.10+0,38b
21.0510.48a

218.06109.97°
349.06+08.63a

0

6

2

4

4

6

2

0

8

(mg/yolk)

*With (+) or without (-) 1% cholesterol
abc

Means with the same letters are not significantly different
(P <.05).
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TABLE 28.

Effect of feeding laying hens diets containing various

mixtures of safflower oil (SO) and olive oil (00) with or without
cholesterol on liver weight, liver cholesterol levels and bile volume
(Exp. 4) .

SO
(%)

00

(%)

8

c1
(%)

Bile
volume
(ml)

+

4.0i0.29°
11.5+3.91

72.9+03.34°
224.1±84.10

1.15+0.22b
1.92+0.34

+

20.8±2.41a?
21.7±0.49

4.0+0.19°
12.4+1,59

82.8+07.63°
270.1+35.03

I .37+0.19b
2.80l0.65a

+

oK
19.9±0.72 3
20.8±1.46

3.9+0.13°
12 .4+2.43

78.8±03.03°
254.3152.80

1.25i0.21b
2.42±0.46

+

23.li2.ll °
19.9+0.77ab

4.3+0.35°
16.8+1.82ab

97.9109.08°
332.4+32.04ab

2 .8510.45a

+

18.7±0.54
23.3+1.53a

4.2+0.16°
17 .6 +1.6 la

77.8+03.79°
406.3±38.01a

1.40±0.14b
2.22+0.46

2

4

Whole liver
Cholesterol
(mg)

13,311.2lb,
18.6+1.21

0

6

Liver
Cholesterol
(mg/g)

Liver^
Weight
(8 )

4

a V)

2

6

0

8

1.62+0.24b

^With (+) or without (-) 1% cholesterol
2

Cooked liver weights

abc

(P

Means with
<.05).

the

same l e t t er s are not s i g n i f i c a n t l y d i f f e r e n t

92

TABLE 29.

Effect of feeding laying hens diets containing various

mixtures of safflower oil (SO) and olive oil (00) with or without 12
cholesterol on serum cholesterol parameters (Exp. 4).

Serum Cholesterol (mg%)
SO

00

(X)

(x )

8

6

4

2

0

c1
(2 )

Total

Free

Ester

Ratio
(ester:free)

+

48.8101.24b
123.5142.49

28.2l03.27b
60.9120.70s

26.2102.473
67.5127.87s

1.1010.15s
1.0910.32S

+

56.0111.86ab
153.2142.993

32 .5107.39b
80. 7H8.10s

28.9105,87a
80.0125.38s

1.1910.22s
1.1710.28s

+

71.1130.67ab
112.0131.94a

24.6l02.44b,
59.4118.75ab

54.1130.03s
56.4116.40s

0.8910.33S
1.0710.15a

+

50.3l02.51b
117.4128.50

29.7104.34b
61.7113.30

26.6107.28s
61.5118.03s

1.3610.44s
1 .0810 .10a

+

55.7108.86ab
141.7145.66s

28.2103.75b.
69.9120.12s

30.5109.87s
78.0130.85s

l . l U 0 .20a
1.0210.13s

0

2

4

6

8

*With (+) or without (-) 1% cholesterol.

(P

Means with
^ .05).

the same letters are not s i g n i f i ca nt l y d if ferent
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significant.

An overall significant effect due to cholesterol was

detected by the analysis of variance.
serum cholesterol

w sb

The ratio of esterified to free

not affected by any of the treatments.

Cholesterol oleate (18:1) was significantly increased with the
diets containing 8 % SO and 8% 00 and their mixture of 6% SO and 2% 00
(Table 30).

An over all significant effect from cholesterol on all

ester forms was detected by the analysis of variance (Table 74,
appendix). Interestingly however, as dietary 00 in the diets increased
from OH to 8 H an increase in cholesterol oleate (18:1) and a decrease
in cholesterol llnoleate (18:2) was noticed primarily in the absence
of dietary cholesterol.

These increases however were not significant,

but did show up more distinctly when oleate:linoleate ratios were
compared (Table 31).

In the absence of dietary cholesterol, hens that

consumed the 8 % 00 diet had significantly higher serum cholesterol
oleate to llnoleate ratios than hens fed the diets containing 6 X SO +
2% 00

or 8Z SO.

In the presence of cholesterol the ratio was

significantly increased with 8 1 SO only.

Between the oil combinations

plus cholesterol diets, 8 H 00 produced significantly higher ratios
than the diets with the combined oils but not the 8% SO.
Cholesterol intakes as shown in Table 32 were significantly less
with the 8 % 00 diet than with the OH 00 diet and the diet containing
both oils at 4H each.

Fecal cholesterol excretion was likewise

reduced by the 8 % 00 diet as well as the diet containing 2% SO and 6 %
00.

In spite of these changes all oil combinations showed similar

cholesterol absorption rates.

Experiment 5

TABLE 30.

Effect of feeding laying hens diets containing various mixtures of safflower oil (SO),

and olive oil (00) with or without IZ cholesterol on fatty acid changes in the cholesterol ester
fraction of the serum (Exp. 4).

Serum cholesterol esters, (mgZ)
SO
%

00

8

0

6

4

2

0

z

c1
z

14:0

16:0

16:1

18:0

18:1

18:2

1.08±0.57a
1.4310.34a

3.4010.26ab
4.57lO.83

0 .22l0 .22 b
0.75iO.30

0 .20l0 .20b.

+

1.24i0.52at>

10.46l0.88b
36.22115.3a

14.86l2.91ab
16.6414.303

+

1.11±0.58a
I.53±0.43a

4.1010.95ab
5.7311.01a

0.17±0.17b
1.0910,17a

0.78l0.38ab
1.82l0.44a

13.36l2.23b
45.27110.2a

12. 9H3.4 lab
25.1316.743

+

0.79±0.31a
1.24±0.46a

2.96l0.32b.
4.75ll.06

o
b
0.6510.45

0.35l0.21b
1.4010.42

11.111 1 *03b
33.73111.4ab

9.3211.12b
17.6015.02

+

1.48*0.56a
1 .1810 .41a

3.90i0.45ab
4.7210.72

°
b.
0.4410.26

0.49i0.49b
1.3510.16

14.82i2.07b
34.8519.30

8.90ll.65b
19.05l5.433

+

0.97i0.37a
1.20±0.45a

3.72l0.43ab
5.0410,90

0.2310.14b.
0.9810.25

0.60l0.22ab
1.4510.27a

15.55l2.61b
46.58116.6 a

7.0810•97b
14.5912.903

2

4

6

8

^With {+) or without (-) 1Z cholesterol.
ab
Means with the same letters are not significantly different (P ^ .05) .

vO
•P-
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Table 31.

Effect of feeding laying hens diets containing various

mixtures of safflower oil (SO) and olive oil (00) with or without 1%
dietary cholesterol on the ratio of serum cholesterol oleate to
llnoleate (Exp. 4).

Dietary fatty acid
so

00

%

%

8

0

c1
%

18:1
%

18:2

0.93

5.92

0.75±0.12d.
2.17+0.47

1 .46+0.24b

2.15

4.94

1 .11+0.14fd
1.88+0.27

1.49+0.2?b

3.36

3.27

1.22±0.11bcd
1.82+0.12

1.52±0.22b

4.58

1.95

1.70+0.10^cd
2.13±0.46

1.9110.24b

5.80

0.63

2.28+0.37ab
3.04+0.67a

2 .66+0.223

%

+
2

6

+
4

4

+
2

6
+

0

8
+

Ratio „
(18;1/18:2)

Ratio
(18:1/18:2)

^With (+) or without (-) dietary cholesterol.
2

Serum cholesterol oleate to llnoleate ratio.

3
Oil combination main effect means.
Cleans with
(P <.05).

the same

l e tt e r s are not

significantly different
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TABLE 32.

Effect of feeding laying hens various mixtures of safflower

oil (SO) and olive oil (00) with or without 1% cholesterol on choles
terol absorption measures (Exp. 4).

SO

8

00

c1

0

+
6

2

2

0

4

_

0
1210 +203
0

1160+30

ab

Cholesterol
excreted
(m g)

80±10d
520+30
110± 10d

Cholesterol
absorbed

3

(Z)
0

64.60±2.31a
0

530±20

60.62 +2 .153

+

1200+303

90+10d
570±40a

58,96+2.64a

+

°
ab
1120±50

70+10d
460+60

65.49+3.22a

80+I0d
440+30c

64.77+0.823

6

8

2

_

+
4

Cholesterol
intake
(mg)

0

_

+

0

1080+80

h

0

0

0

*With (+) or without (-) 1% cholesterol.
Based on daily feed intake.

(P

a^ c<Sleans w i t h
^ .05) .

the same letters are not

s i g n i f i ca n t ly d i fferent
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Similar to experiment 4, several combinations of olive oil (00)
and triolein (TO) with or without IX dietary cholesterol were
evaluated,

The results are shown in Tables 33 through 39.

Table 33 shows that feed consumption and egg production were not
affected by the dietary treatments.

Yolk weight was significantly

reduced by the diet containing 2X 00 plus 6% TO in the presence of
dietary cholesterol.

The depressed yolk weight however was not

significantly different from those of the rest of the diets.

The

analysis of variance (Table 75, appendix) did show an overall
significant yolk weight reduction due to IX dietary cholesterol.
As shown in Table 34, yolk cholesterol was not influenced by the
various 00 and TO combinations.

As expected however, adding 1%

dietary cholesterol to each of the oil-triglyceride mixtures
significantly increased the concentration of yolk cholesterol
expressed in miligrams per gram of yolk basis or in milligrams per
whole yolk.

When measured in miligrams per whole yolk however, the

responses to cholesterol feeding with either the 2% SO plus 6X TO or
the 8% TO diets were significantly less than those from the other
mixtures where less TO or more 00 were present in the diets.
Liver weight, liver cholesterol and bile volume were not changed
by any of the five lipid mixtures when given to hens without
cholesterol (Table 35).

The presence of dietary cholesterol in the

layer diet along with the lipid mixtures significantly elevated liver
cholesterol levels determined in milligram per gram of cooked liver or
in milligrams per whole liver.

There were significant differences as

well among the lipid plus cholesterol diets, but these responses were
not independent as Indicated by the significant interaction between
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TABLE 33.

Effect of feeding laying hens diets containing various mix

tures of olive oil (00) and triolein (TO) with or without 1%
cholesterol on feed Intake, egg production and yolk weight (Exp. 5).

00

TO

c1

(%)

(Z)

(Z)

8

0

Feed intake
(g/hen/day)

Total number
of eggs

Yolk weight^
(g)

+

114.9 +2. la
112.8 +7.la

13.3+0.75®
12.3+0.48®

17.8710.76 °
17.32+1.13®b

+

114.4 +5.7a
110.4+3.4a

11.8+0.48®
12.8+0.63®

18.15+0.76®^
17.37±0.86®b

+

113 .3±6.2a
117.019.93

12.8+0.25®
12.5±1.50®

ak
17.3210.38 a
18.2510.05®

+

123.9+4.4a
116.3+5.6a

12.710.33®
12.8+0.25®

19.2710.17®
16.52i0.56

+

115.5+3.la
111 .5±6.53

13.5+0.29®
13.3+0.48®

17.4710.50®
16.1510.71

■a K

6

4

2

0

2

4

6

8

ft h

^With (+) or without (“ ) 1% cholesterol
^Boiled egg yolks.
abM
Means wi th the same letters are not significantly different
(P <.05).
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TABLE 34.

Effect of feeding laying hens diets containing various

mixtures of olive oil (00) and triolein (TO) with or without IZ
cholesterol on yolk cholesterol levels (Exp. 5)

Yolk Cholesterol
(X)

TO
(%)

8

0

00

6

Cholesterol*
(X)

12.5710.36b
21.55l0.773

225.42115.32d
373.93131.30

+

12.43±0.09b
22.2510.743

225.54109.17d
384.86+08.77ab

+

12.4510.13b
22.1513.663

215.81±06.09d
404.15165.60a

+

12,6810.25b
20.41l0.40a

244. 24105.38d
337.76117.18bC

+

12.8910.20b
20.1210.713

225.34+08.06d
323.43104.51c

4

2

6

0

(mg/yolk)

+
2

4

(mg/g yolk)

8

*with (+) or with (-) cholesterol

nbc

Means with the same letters are not significantly different
(P <.05).

100

TABLE 35.

Effect of feeding laying hens diets containing various

mixtures of

olive oil (00) and triolein (TO) with or without

cholesterol on liver weight and liver cholesterol levels (Exp. 5).

00

(Z)

TO
<%)

8

Bile
volume
(ml)

89.2+09.94d
339.1+35.56®

1,25+0.05®,
2.30±0.56

+

18.4tl,50b
22.4+2.50

4.7+0.21®
9 .0±0.41

85.6+03.32d
198.8±15.10c

1.27+0.13®
2.87+0.14a

18.6+1.66b
25.0+2.95a

4.4±0.30®
13.3+0.30

80.1+02.49d
331.0+31,75a

1.52+0.18bc

+

+

20.5+2.36®°
19.7+2.00

4.6+0.32®
11.7+0.55°

92.4+04.02d
229.4±23.65

1.13+0.27®
2.05+0.29

-

19.8+1.34b

4.4+0.23®

86.2±04.21d

1.07+0.13C

+

20.7+1.21ab

12.7±0.67bc

263.9+22.85b

1.75±0.28bc

6

8

Whole liver
Cholesterol

4.6±0.27e
15.1+0.93®

4

0

Liver
Cholesterol
(mg/g)

19.5+1.74b
22.4±1.77

2

2

Liver2
Weight
(8 )

+

0

6

4

c1
(%)

2.80+0.40®

^ith (+) or without (-) 1% cholesterol
2

Cooked liver weights

abcd^
(P < .05).

eans with the samei letters are not significantly different
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the lipid mixtures, and dietary cholesterol (table 77).

Cholesterol

with 8% 00 had the highest mean value for both liver cholesterol
expressions while the lowest was observed with the 6% 00 diet with 2%
TO.

Table 35 also showsa marked increase in bile

volume as a result

of cholesterol supplementation with all OO-TO mixtures except the one
having 8% TO without 00.

There was a tendency for bile volume to

decrease with increasing levels of TO.
Cholesterol levels (total, ester and free) in the serum of laying
hens given the various 00 and TO combinations were statistically the
same (Table 36).

Dietary inclusion of cholesterol with these

oil-triglycerlde combinations increased total, ester and free serum
cholesterol levels in those diets containing equal or higher TO levels
in proportion to 00.

The ratio of esterified serum cholesterol to

free cholesterol was not significantly altered by any of the
treatments.
Results of fatty acid changes within the serum cholesterol ester
fraction are presented in Table 37.

No particular trends in the

changes of the various ester types were observed when 00 and TO were
fed to laying hens at several combinations in absence of dietary
cholesterol.

Dietary cholesterol elevated all serum cholesterol ester

levels regardless of the kind of lipid combination used.

In spite of

the great variability observed with all serum cholesterol levels,

the

diets containing equal or higher TO to 00 ratios significantly
increased cholesterol palmitate, palmltoleate, stearate, and oleate in
presence of dietary cholesterol.

In most Instances, these responses

were significantly higher than those in which only 00 was used with
dietary cholesterol.

Dietary cholesterol significantly increased the
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TABLE 36.

Effect of feeding laying hens diets containing various

mixtures of olive oil (00) and triolein (TO) with or without 1%
cholesterol on serum cholesterol parameters (Exp. 5).

Serum Cholesterol (mg!!)
{%)

8

6

4

2

0

1u
(%)

Total

(X)

Ester

Free

(ester:free

+

4l.0l03.41b
112.4123.53

22.4l03.24j;
63.4113.95

19.6100.06^
55.3110.31

1 .1410.16®
1. 1810.14®

+

49.9106.36^
87.5127.69

20.2102.13°
45.5111.96°

28.3108.91^
43.2118.09

0.9810.32®
1 .2910.26®

+

54.4108.98b
295.11140.8a

27.8105.70°
110.7142.13

28.0110.43b
184.31104.3®

1 .4110.49®
0.6910.16®

+

48.7+09.76b
267.4146.43®

22.1104.09°
108.3116.00®

26.5l09.83b
159.1130.03®

0.9910.26®
0.7110.08®

+

48.5105.55^
269.7167.63®

29.4107.06°
131.3139.94®

19.9101.62b
142.3132.43®

1.4810.31®
0.9510.15®

0

2

4

6

8

*With (+) or without (-) 1Z cholesterol,
db c

(P

M ea n s w i t h
^ .05) .

the same

letters are not s ig ni f i c a nt l y d i ff e re n t

TABLE 37.

Effect of feeding laying hens diets containing various mixtures of olive oil (00), and

triolein (TO) with or without 1% cholesterol on fatty acid changes in the cholesterol ester
fraction of the serum (Exp. 3).

Serum cholesterol esters, (mgZ)
00

TO

z

Z

8

6

4

2

0

c1

Z

0

14:0

16:0

16:1

18:1

18:0

+

0.67±0.36b
1.8 U 0 . 29

2.98+0.33°,
4.4310.55 °

0
°
0.42+0.42

0
‘
0.66±0.39

13.03+2.29°
42.95+10,8°°

5.34l0.71b
13.1012.07

+

1.1610.20?
1.7310.40

2.46+0.37°
3.14+0.77°

0
°
0.44+0.15

0
b
0.5910.34°

11.90+1.13°
30,90+9.11°

4.6610.63?
8.71H.77

+

1.05+0.37b
2.92+0,14

3.16+0.93°.
7.10±2.01

0.27+0.18°
1.67±0,53a

o
b
2.53+0.913

16.47+2.85°
77.17 +31.5ab

6.82+1.98b.
19.26+7.08

+

1.82±0.66b
3.2210,26

2. 76±0.51°
7.64+0.88a

0
°
1.20+0.60a

o
b
2.30+0.30a

11.9012.07°
73.09H4.2

5.77i0.83b
20.4211.71a

+

1.58l0.74b
4.48±1.44a

3.67+0.98°
8.05+2.28a

0.09+0.09°.
1.32+0.51

0.17+0.17?
0.51+0.51

15.88+4.11°
87.19124.7a

7.6911.60b
29.62+12.2a

2

4

6

8

^With (+) or without (-) 1% cholesterol,
db c

18:2

M e a n s w i t h the same l et ters are not

s i g n i f i ca n t ly di f fe r e n t

(P ^

.05).
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serum cholesterol oleate to llnoleate ratios when TO was present In
the diet at equal or greater amounts than 00.

The ratios among the

oil combination diets with or without cholesterol however were not
statistically different (table 38).
Cholesterol intake was the same for all diets regardless of the
00 and TO combinations used.

The amount of cholesterol excreted was

significantly greater with the 2% 00 plus 6% TO diet as compared to
the rest of the diets except the one with equal proportions of both
oils (Table 39).

In relation to this, the combination of 21 0 plus 6%

TO showed the lowest cholesterol absorption rate (53.44%) being
significantly different from those in which the reverse combination of
the lipids or 8% 00 diets were used (72.60 or 70.69%, respectively).
Cholesterol excretion by hens on the cholesterol-free diets were
nearly the same for all lipid mixtures.

Experiment 6.
This experiment studied the influence of eight diets that
resulted from the factorial combination of the triglycerides
tripalmitin (TP) and triolein (TO) each at 0 and 9% levels and of
dietary cholesterol at 0 and 1% levels.

As mentioned earlier, the

last two treatment combinations contained TP and TO each at 4.5% to
keep the added fat percent of these diets at 9%.

The results are

presented in Tables 40 through 50.
Table 40 shows that neither feed Intake, egg production nor yolk
weight were affected by any of the dietary treatments.
Milligrams of cholesterol per gram of yolk or per whole yolk as
presented in Table 41 was not affected by any of the triglyceride
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Table 38.

Effect of feeding laying hens diets containing various

mixtures of olive oil (00) and triolein (TO) with or without \% dieta
ry cholesterol on the ratio of serum cholesterol oleate to llnoleate
(Exp. 5).

Dietary fatty acid
00

TO

z

1

8

0

c1
z

18:1

18:2

1

%

5.80

Ratio _
(18:1/18:2)

Ratio »
(18:1/18:2)J

2 .41±0.1l bf

2.79±0.23a

0.63

+
2

6

3.17 +0.30
0.56

5.99

0.50

2.66±0.40bC
3.94±0.18a

3.30±0.26a

6.09

0.44

2.04+0.11C
3.48+0.41

2.7610.23a

6.19

0.39

2.0310.10c
3.30+0.37

2.6610.233

+

4

4

+
2

6
+

0

8

be
2.61+0.17 J;
3.36+0.35

5.89

+

2.9810 .21a

*With (+) or without (-) dietary cholesterol.

2

Serum cholesterol oleate to llnoleate ratio.

3
Oil combination main effect means.
Means with
(P < . 0 5 ) .

the same

l et t e r s are not

significantly

different
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TABLE 39.

Effect of feeding laying bens various mixtures of olive oi]

(00) and triolein (TO) with or without IZ cholesterol on cholesterol
absorption measures (Exp. 5),

00
U)

TO
U)

6

+

0
72.60+01.30a

+

0
I100±030a

90±0t0d
390i030c

70.69+03.21a

+

0
1170±110a

70+0l0d
530+170

0
.
62.38+10.59

+

0
1160±06Qa

70±000d
620+050a

53.44+03.68

+

0
1120+060*

70+0l0d
460+040

0
.
64.71+01.63

6

0

8

(2)

0

0

^With (+) or without (-) 1% cholesterol.
2

Based on daily feed intake.

3
Endogenous cholesterol considered
c

(P

3

70±000d
360+030C

4

2

Cholesterol
absorbed

0
1130i070a

2

4

Cholesterol
excreted
(mg)

c1

0

8

2

Cholesterol
intake
(mg)

Me an s w i t h
^ .05).

the same letters are not s ig ni f i c an t ly d if ferent

h

TABLE AO.

Effect of feeding laying hens diets containing tripalmitin

(TP), triolein (TO) or their mixtures with or without 1% cholesterol
on feed intake, egg production and yolk weight (Exp. 6).

TP
(Z)

TO
(Z)

0

0

0

c1
<%)

Yolk weight^
(g)

109.l±2.8a
97.1+8.7®

12.1+0.20a
11.5+1.55®

18.60+0.78®
19.20+0.29®

+

10A.0+A.0®
101. 3iA.9a

12.0+0.32®
12.6+0,2A®

19.2A±0.35®
19.02+0.7A®

+

102.2+5.0a
99.3+6.5®

12.3+0.25®
ll.A±0.81a

17.95+0.99®
17.10+0.69®

+

98.0±A.0a
105.7+2.0a

12.6+0.75®
12.0+0.00®

18.12+0.68®
18.27+1.27®

0

A.5

Total number
of eggs

+
9

9

Feed intake
(g/hen/day)

A.5

1 With (+) or without (-) 1% cholesterol
2

Weights of boiled egg yolks.

aMeans with the same letter are not significantly different
< .05).

108

TABLE 41.

Effect of feeding laying hens diets containing tripalmitin

(TP), triolein (TO) or their mixture with or without 1% cholesterol on
yolk cholesterol levels (Exp .6)

Yolk Cholesterol

(Z)

TO
a)

0

0

TP

0

9

4.5

unoiesueroi
(mg/yolk)

(Z)

(nig/g yolk)

+

11.71+0.04°
15.3U0.75

217.68+08.90d
294.52118.30°

+

12.01+0.25^
16.8810.68

231.26+07.88d
319.76+10,45

+

12.27+0.24°
20.75+0.813

219.67+08.71d,
353.17+11.41

+

11.71±0.26°
21 .9411.97a

211.96+08.41d
400.40+41.14a

9

0

4.5

!With (+) or without (-) 1% cholesterol

(P

a ^ ctSleans w i t h the same letter are not
^ .05).

s ig n i f i ca n tl y d if fe r en t
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diets in the absence of dietary cholesterol.

Inclusion of cholesterol

in each of these diets however significantly increased yolk
cholesterol levels over those of the unsuppletnented diets.

The mean

responses to yolk cholesterol of cholesterol feeding from the diets
containing 9X TP or TP plus TO were much higher than those in which
diets with 9Z TO or no triglycerides were used.

There was a

significant main effect due to TP (Table 42) but there was also a
significant interaction between TP and cholesterol as shown in Table
82.
Tables 43 and 44 contain the results on liver weight, liver
cholesterol and bile volume.

In Table 43 it is shown that the

triglycerides by themselves or in combination did not significantly
affect any of these parameters.

When 1% dietary cholesterol was added

to the diets, liver weight was significantly increased except with the

9% TO diet.

Liver cholesterol per gram of liver or whole

bile volume also increased but were

liver, and

significant only with the 9% TP

diet and the one having both TP and TO.

Furthermore, in the case of

liver cholesterol, the responses to

these two diets, ( 9% TP and

mixture) in presence of cholesterol

were greater than the responses to

the 9% TO and 0Z triglyceride diets.

As with yolk cholesterol , the

analysis of variance indicated that 9% TP significantly increased
liver cholesterol levels , but this was not due entirely to TP since
an interaction between TP and cholesterol was detected (Table 44).
Total, esterified and free cholesterol levels in the blood of
hens fed the triglyceride diets without cholesterol were not
significantly different from each other {Table 45).

Triolein tended

to decrease and tripalmitin tended to increase the levels of the three
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TABLE 42.

Main effects of dietary tripalmitin (TP), triolein (TO) and

cholesterol (C) on yolk cholesterol levels (Exp. 6)*.

Yolk Cholesterol
Level
Lipid

%

mg/g yolk

TP

0

13.94i0.35b

265.76+8.24b

9

16 .6 liO.36a

296.09+8.54a

0

14.90±0.36a

270.36+8.54a

9

15.65+0.35a

291.48+8.29a

0

11.85+0.35b

219.29+8.29b

1

18.70+0.36a

342.55+8.54a

TO

C

mg/yolk

^Average main effects of the dietary lipids calculated at all
levels of each lipid class. A TP x C interaction was detected
(P <.01) ,
b

* M e a n s w i t h i n each li pi d c l as s w i t h same
significantly different ( P ^ . 0 5 ) .

l e t t e r a re not

Ill

TABLE 43.

Effect of feeding laying hens diets containing tripalmitin

(TP), triolein (TO) or their mixture with or without cholesterol on
liver weight and liver cholesterol levels (Exp. 6).

TP
(Z)

TO
<%)

0

0

0

Liver^
Weight
(8)

Liver
Cholesterol
(mg/g)

Whole liver
Cholesterol
(rag)

Bile
volume
(ml)

+

18.2 + 1 .09cd
24.6 +2 .63

4.0±0.13C
4.5+0.37°

72.5+03.89°
110.8±12.59C

1.20+0.15? .
1 .87+0.26

+

20.1+0. 79b"d
22.6+1. l l a b c

3.9+0.15C
6.0±0,30c

77.9±02,69C
135.5+09.80C

1.58+0.06°?
2,10±0,17a

+

18.7+0. 78cd
24.9+1. 98

4.2+0.06°
15.2+1.34a

78.0+03.69°
380.3+52.77a

1 .57 +0.1lCd
2.76+0.38a

+

17.0±0.90d
26.3+1.62a

4.4+0.24°
11.Oil.74

74.5±03.82°
296.0+58.16

1.16+0.10d
2 ,57±0.64

9

9

4.5

c 1
(%)

0

4.5

*With (+) or without (-) 1% cholesterol
2

(P

Cooked liver weights

abcdM e a n s w i th the same letter are not
^ .05).

s i g n i f i c an t ly different
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TABLE

44.

Main effects of dietary tripalmitin (TP), triolein (TO)

and cholesterol (C) on liver weight, liver cholesterol and bile volume
(Exp. 6)1.

Liver
Cholesterol
(mg/g)

Whole Liver
Cholesterol
(mg)

Bile
Volume
(ml)

Lipid

Level
%

Liver
Weight
(g)

TP

0

2 1. 44+0.74a

4 .61±0.37b

100.14+13.33b

1.70 +0.12b

9

21.67+0.7 7a

8.68+0.38a

206.75+13.73a

2.01+0.12a

0

21.60±0.77a

6.91+0.383

158.99±13.73a

1.84 +0.12a

9

21.51±0.74a

6.38±0.37a

147.90±13.33a

1 .86+0.12a

0

18.45±0.74b

4.04i0.37b

73.34+13.33b

1.35 +0.12b

1

24.66±0.77a

9.24±0.38a

233.56+13.73a

2.35+0.13a

TO

C

Average main effects of the dietary lipids calculated at all
levels of each llpld class,
2

Significant TP x C interaction (P^.01).

3
Significant TP x C interaction (P^.01).
b

’ M e a n s w i t h i n each li p id c la s s w i t h same
s i g n i f i c a n t l y d i f f e r e n t ( P < .05).

l e tt e r are not
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TABLE 45.

Effect of feeding laying hens diets containing tripalmitin

(TP), triolein (TO) or their mixtures with or without 1% cholesterol
on serum cholesterol parameters (Exp. 6).

Serum Cholesterol (mgZ)
TP

TO

(Z)

(Z)

0

0

9

4.5

Cl
(%)

0

Total

Free

Ester

Ratio
(ester:free)

+

69.5108.50b
108.8±17.80

30.3l04.55b
43.6109.11

52.8+10.85a
74.U16.903

0.6210.103
0.6010.073

+

63.6ll2.25b
108.0123.72

27 .0103 *25^
52.3106.92

48.7112.723
73.0117.70a

0.6810.143
0.8210.123

+

71.3±l6.04b
165.8126.70a

41.3l06.88b
84.4116.023

45.3ill.193
98.2H9.293

0.9910.II3
0.8910.12a

+

115.7131.72ab
176.1124.52a

49.4±03.49b
84.5121.403

86.0i31.293
103.7120.14a

0.9110.273
0.8910.233

9

0

4.5

^With (+) or without (-) 1% cholesterol.
Means with the same letter are not significantly different
(P

< .05).
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forms of serum cholesterol.

Adding dietary cholesterol to all

triglyceride combinations numerically increased all serum cholesterol
levels but were significant only with the 9% TP diet for total and
esterified cholesterol levels and with the mixed triglyceride diet for
serum cholesterol ester.

The analysis of variance showed TP and

dietary cholesterol as main effectors in increasing total and
esterified serum cholesterol levels significantly (Table 46).

The

ratio of serum cholesterol ester to free cholesterol was statistically
the same for all treatments as shown in Table 45.

It should be noted

however, that all ratios were less than one indicating that the serum
cholesterol of these hens were mostly in the free form.

Table 46 also

demonstrates that 97 TP significantly increased the ester-free ratio
as revealed by the analysis of variance.
Changes in the various serum cholesterol esters from triglyceride
and cholesterol feeding are presented in Tables 47 and 49.

Again as

it has been the situation with the other experiments, the variability
in serum cholesterol measurements within and among treatments were
great, showing therefore in most cases no significant treatment
differences despite the obvious changes primarily due to dietary
cholesterol.

Table 47 shows no differences in each of the serum

cholesterol ester levels due to the triglycerides themselves except
with the diet containing both TP and TO which promoted significantly
higher levels of cholesterol palmltate than those from the other
triglyceride combinations.

According to the analysis of variance, 97

TP or TO significantly Increased serum cholesterol palmitate (Table
49) but these results are misleading since an interaction between both
triglycerides also existed.

Table 47 also shows that addition of
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TABLE 46.

Main effects of dietary tripalmitin (TP), triolein (TO) and

cholesterol (C) on serum cholesterol parameters (Exp. 6)*.

Serum Cholesterol, (mgZ)
Level
Total

Ester

Free

(ester:free)

Lipid

%

TP

0

87.80+11.22b

38.34+4.98b

62.62+9.65a

0.67+0.07b

9

130.73+11.57a

64.10+5.133

82.10+9.943

0.91+0.073

0

104.07+11.57a

49.61+5.13a

68.03+9.943

0.75+0.07a

9

114.46+11.52a

52.83+4.98a

76.79±9.75a

0.83+0.073

0

79.92+11.22b

36.64±4.98b

58.17+9.65a

0.79+0.073

I

138.61+11.57a

65.80±5.13a

86.55±9.94a

0.80+0,07a

TO

C

Average main effects of the dietary lipids calculated at all
levels of each lipid class. Interactions were not significant.
3 b
’ M e a n s w i t h i n each lipid class w i t h
s i g n i f ic a nt l y d i f f e r e n t ( P ^ . 0 5 ) .

same letter are not

TABLE 47.

Effect of feeding laying hens diets containing various mixtures of tripalmitin (TP),

triolein (TO) or their mixture with or without 1Z cholesterol on fatty acid changes in the
cholesterol ester fraction of the serum (Exp. 6).

Serum cholesterol esters, (mgZ)
TP
%

TO
%

0

0

0

9

4.5

c1
%

14:0

16 ;0

16:1

18:0

18:1

18:2

+

3.95±0.86a
2.77+0.83*

3.28+0.63°,
4.69+0.93

0 ,48±0.29°
1.10+0.48

0.13±0.13°.
0.53+0.32

13.58+2.34b
20.66±5.12

8.82+1.931
13.83+3.08'

+

2.46+0.54a
3.19±0.63a

3.74±0.50°
6.79±0.84

0.73+0.24b °
1.06+0.29°

0
abc
0.76+0.32

12.58+2.Oil*
24.91+3.79

7.48+0.831
15 .57±2.16

+

2.68±1.23a
2.33±0.72a

4.24+0.94b°
5.42+0.89

0.89+0.08abc
1.80+0.473

0.15±0.15bf
1.06±0.42

22.50+3.97b
56.42+11.la

10.79±1.87
17.32+3.13

+

3.28+0.65a
2.79i0.36a

7,06±0.66a
6.98+1.I0a

0.68+0.20b5
1.72+0.37

0.44±0.27abc
1.17±0.04a

24.87+1.47b
52.19+14.3a

13.02+1.63
19.47+5.49

9

0

4.5

^With (+) or without (-) 1% cholesterol.
Means with the same letters are not significantly different (P < .05).
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Table 49.

Effect of tripalmitin (TP)

and triolein (TO) on 18:1/18:2 ratios^
of serum cholesterol esters (Exp. 6).

TP
X

TO
X

0

0

0

9

4.5

c1
X

Ratio
(18:1/18:2)

+

1 .70±0.29bc
1.50i0.14C

+

1.64+0.10?C
1.61±0.11

+

2.12±0.24b
3.20+0.17a

+

2.00±0.21bc
2.71+0.10a

9

0

4.5

*With (+) or without (-) IX die
tary cholesterol.
Serum cholesterol oleate to
linoleate ratio.

are

M e a n s w i t h d i f f e r e n t l e tt e rs
significantly different ( P £ , 0 5 ) .
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cholesterol to the 9% TO diet significantly increased serum
cholesterol palmltate and llnoleate whereas the 9% TP and the combined
TP-TO diets significantly raised the levels of serum cholesterol
oleate, these being significantly higher than the oleate levels of the
rest of the treatments.

Tripalmitin at 9X levels was found to

significantly increase serum cholesterol oleate as indicated by the
analysis of variance (Table 49), but again significant interactions
between TP and cholesterol were also observed.

Table 48 shows that

dietary cholesterol significantly increased the ratio of serum
cholesterol oleate to linoleate with both TP diets and that these
ratios were also significantly higher than those in which TO or no
triglycerides were used.

The analysis of variance (table 81,

appendix) shows TP to increase the ratios but an interact ion between
TP and cholesterol was also detected.
Significant differences in cholesterol absorption due to
triglyceride feeding were observed (Table 50).

When hens were given

both triglycerides, cholesterol absorption was significantly greater
than either of the triglycerides above.

The lipid-free diet and the

9% TP diet had the lowest absorption rates.

Cholesterol Intake was

not influenced by any of the triglyceride combinations but fecal
cholesterol excretion was significantly less when TP was fed together
with TO.

T A B L E 48.

M a i n e ff ec ts of d ie ta ry t r i p a l m i t i n

(TP),

t ri ol ei n

(TO) and c ho l e s t e r o l

(C) on fatty

acid changes on serum cholesterol esters (Exp. 6) .

Serum cholesterol esters (mgX)
Level

2

Lipid

X

16:0

TP

0

4.64+0.41b

0.85+0.16a

0.3410.14a

18.0313.21b

11.46+1.203

9

5.88±0.43a

1.25±0.16a

0.7210.14a

38.50i3.31a

14 .8311.24a

0

4.39±0.43b

1.07+0.16a

0.4510.14a

28.20l3.31a

12.5711.24a

9

6.12±0.4la

1.03i0.16a

0.6010.14a

28.3313.213

13.72+1.20a

0

4.55±0.41b

O.69±0.16b

0.18l0.14b

18.1913.21b

9 .8711.20b

1

5.96+0.433

1.4110.16a

0.8710.14a

38.34±3.3la

16.42!1.24a

TO

C

16:1

18:0

18: l3

18:2

*Average main effects of the dietary lipids calculated at all levels of each lipid class.
2

3

Significant TP x TO interaction (P C .05).
Significant TP x C interaction (P ^.05).

3 b

’ M e a n s w i t h i n each lipid cl as s w i t h

same

letter are not

s i gn i f i c a n t l y d i f fe re nt

(P ^ .0 5 ) .
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TABLE 50.

Effect of feeding laying hens diets containing tripalmitin

(TP), triolein (TO) or their mixture with or without 1% cholesterol on
cholesterol absorption measures (Exp. 6).

TP

TO

0

0

Cholesterol
excreted
(mg)

Cholesterol
absorbed
(2)

0
970±90a

40+00C
590+803

0
43.51+5.36C

+

0
1010+503

80±10c
530±20a

0
53.73+5.00

0

+

0
990+60®

50±10C
610±40a

0
44.85+5.00

4.5

+

0
1060+20®

70 + 10J;
420±50

0
66.39±4.60a

9

9

-

2

+
0

4.5

c1

Cholesterol
intake
(mg)

-

^With (+) or without (-) IX cholesterol.
2

Based on daily feed intake,

cibc

Means with the same letter are not significantly different

(P

<.05) .
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DISCUSSION
In the preliminary experiment, dietary cholesterol levels of 0,
0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0% were fed to laying hens
for 21 days.

These levels did not affect feed consumption or egg

production, but some changes were seen in serum and yolk cholesterol
concentrations and in bile volume.

The feed consumption and egg

production results agree with those of Harris and Wilcox (1963) and
Hulett et al. (1964) who used similar cholesterol levels up to 5%.
The latter researchers however found egg production to decrease with
cholesterol feeding in presence or absence of 10% rice oil.

In this

study all diets contained 4% animal fat (tallow).
There were no significant differences in serum cholesterol levels
between any of the levels of dietary cholesterol.

This was due mainly

to the high variability observed in serum cholesterol levels from hen
to hen within each treatment.

Weiss et al. (1967) also observed high

variability and consequently no statistical analysis of their data was
performed.

Nevertheless feeding 0 to 4% cholesterol for 21 days

resulted in serum cholesterol increases of 40 to 90%.

These results

are in accord with those reported by Harris and Wilcox (1963) whose
birds experienced 30, 38, and 35% increases in serum cholesterol as a
result of consuming diets with 1, 2, and 4% dietary cholesterol for 9
weeks.

Correlation analysis of the preliminary data indicated that

there waB no significant relationship between serum and dietary
cholesterol levels.
dietary cholesterol.

Bile volume seemed to increase with the levels of
This tendency was shown to be significant as

indicated by the correlation analysis of these two variables.

To the

author's knowledge, bile volume measurements in studies of this type

are absent in the literature.

It nay be assumed that the Increased

Ingestion of exogenous cholesterol would tend to stimulate bile acid
production for two reasons: one, it is needed for the absorption of
cholesterol, and two, the excess cholesterol In the body would be
converted by the liver to bile acids (Burczak et al., 1980).

Bile

volumes and serum cholesterol levels were not correlated to each othe
as shown by the statistical analysis.
Changes in yolk cholesterol levels over a period of 21 days of
consuming the various levels of dietary cholesterol reveal that early
in the experiment (3rd day) the levels were still unchanged.

By the

6th day and more explicitely at days 9, 12, 15, 18, and 21,
significant linear increases in yolk, cholesterol were achieved with 0
0.5, and IX dietary cholesterol.

Interestingly however, and in

agreement with studies previously reported (Edwards and Jones, 1969;
Harris and Wilcox, 1963; and Hulett et al., 1969), the feeding of
cholesterol at levels higher than 1% did not significantly enhance
further the already elevated yolk cholesterol levels irrespective of
the length of time to which the hens were exposed.

Yolk cholesterol

changes as a function of time indicated that as time increases from
day 3 to day 9, a significant linear response in yolk cholesterol was
observed, and this was more evident when IX or higher levels of
dietary cholesterol were used.

From this time on and through day 22,

a slight increase occurred but It proved to be of a quadratic nature.
Edwards and Jones (1969) experienced a decline in yolk cholesterol by
day 20 after a maximum increase at 10 days.
not the case.

In this study, this was

Significancy was attained at 9 days, maximum

concentration at 18 days and remained at this level until the end of

123
the experiment (21 days).

This difference could be explained by the

fact that young pullets were used in their experiment whereas older
(68 week old) hens were used in this preliminary study.

It may be

that older hens responded more to cholesterol feeding than younger
birds.

Part of this may be due to the ability of the younger pullets

to excrete cholesterol and total neutral sterols more efficiently than
older hens as has been reported by Burczar et al. (1980).
It is difficult to ascertain the reasons for the lack of linear
response in yolk cholesterol due to feeding laying hens 1% and higher
levels of dietary cholesterol.

Harris and Wilcox (1963) had similar

results and thought it was because of the low fat content (21) of
their diet which could have affected the intestinal absorption of
cholesterol.

In this study, the diets contained 4% fat but apparently

this was not enough.

Hulett et al. (1964) however used 10% fat with

their high cholesterol diets and still a linear response was not
obtained.

Therefore in addition to fat, there must be other factors

that are controlling directly or indirectly the incorporation of
exessive cholesterol into the yolk in the event of high consumption of
dietary cholesterol.

The increase In bile volume observed with

cholesterol feeding may be an indication that the laying hen is trying
to excrete excess cholesterol through this pathway to prevent high
cholesterol build up in the serum and the yolk.

No relationship was

found between serum cholesterol and yolk cholesterol in this study.
Based on the results of this preliminary study, each of the next
six experients were conducted for a period of 14 days at which time
yolk cholesterol should have been maximized.

One percent dietary
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cholesterol was also used since higher levels do not increase further
yolk cholesterol.
In the following 6 experiments, it was the objective of the
author to further examine the potential hypercholesteroleraic effects
of HCO, CO, and 00 since these lipids appear to show greater abilities
to alter cholesterol in the yolk, serum and liver.

Perez-Buriel

(1984) and Chongcharoenchai (1984) found 00 to have a greater effect
on yolk and liver cholesterol levels than SO at 8 or 10% levels.

The

former investigator concluded that oleic acid was the critical fatty
acid in regulating cholesterol uptake by the yolk and liver.

Based on

these findings, TO which has higher oleic acid content than 00 was
used to further assess oleic acid activity.

Furthermore HCO and CO,

are very highly saturated oils containing mostly lauric and myristic
acids and showed superiority over SO in changing yolk and serum
cholesterol levels (Sim and Bragg, 1980 and Changcharoenchai, 1984).
For this reason TP, a saturated triglyceride, was used to determine
its effect on cholesterol metabolism in the laying hen and to furnish
additional Insight on the mode of action of HCO or CO.

In this

context, HCO or CO were first compared to other saturated fats such as
lard and tallow and then to the monounsaturated 00 and polyunsaturated
SO, and in a third experiment to 00 and TO both providing high amounts
of oleic acid with TO providing the most.

In experiment 4, 00 was

evaluated at various combinations with SO, and in the same manner with
TO in experiment 5.

Finally TO, theorizing that it would have a

greater effect than 00, was factorially evaluated with TP in
experiment 6.
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In experiments 1 through 6, some individual effects of the lipids
primarily in the presence of cholesterol, on feed consumption, egg
production and mostly on yolk weight were observed, but generally
there were no effects due to the oils, oil combinations and
triglycerides on feed consumption, egg production and egg yolk weight.
Dietary cholesterol also did not influence these parameters except
yolk weight in experiments 2 and 5 where it was significantly
decreased by 12 cholesterol.

Individual lipid effects showed HCO plus

cholesterol to significantly decrease feed consumption in experiment 2
but not in experiment 1.

Similarly 8% 00 significantly reduced feed

consumption in experiment 4 but not in experiment 5 while in
experiment 2 and 3 it markedly lowered egg production in the presence
of dietary cholesterol.

The opposing feed consumption results due to

00 may be because 00 was compared to different oils in experiments 4
and 5.

Other results such as those of Perez-Buriel (1984),

Chongcharoenchai (1984) and Coreil (1980) found 8, 10 or 25% 00 to
have a depressive effect on feed consumption and therefore on egg
production.

It was speculated that perhaps these 00 diets were not as

palatable as lard, tallow, safflower oil (SO), or coconut oil (CO).
As much as 25% 00 caused hens to go out of production (Coreil, 1984).
Tallow at 10% levels did not affect egg production according to
Edwards et al. (1962) nor 20% SO as reported by Fisher and Leveille
(1957).

The reduction in feed consumption with HCO in presence of

cholesterol agrees with reports that 10% CO which is very similar in
fatty acid composition to HCO also signiflcanly reduced feed Intake
but not egg production (Chongcharoenchai, 1984),

As will be discussed

later, both HCO and 00 increased yolk cholesterol more than SO, tallow
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or lard indicating that in trying to maintain body cholesterol
balance, the laying hen also decreased consumption of diets containing
HCO and 00 particularly when given with dietary cholesterol.
Interestingly both triglycerides, triolein (TO) and tripalmitin
(TP) did not affect feed consumption nor egg production at 8 or 9X
levels as 6hown in experiments 5 and 6.
information on

There is no previous

the use of these triglycerides in laying hens.

Renner

and Hill (1961) reported 20% palmitic acid not to affect feed
consumption in chicks and laying hens as compared to oleic, myristlc
and lauric acids which hens did not eat well.

Triolein, when compared

to 00 and CO at 8% levels in the present studies, did not influence
feed intake nor egg production.

These results indicate that laying

hens can utilize these triglycerides as efficiently as the oils
themselves.
The decrease in yolk weight with \% dietary cholesterol was not
consistent throughout the entire study, but was observed when fed to
hens with 8% HCO, 00, TO, or when 00 was the dominant oil in the S0-00
diets.

Higher proportions of TO to 00 also significantly reduced yolk

weight in the presence of dietary cholesterol.

Chongcharoenchai

(1984) also found 1% cholesterol to decrease yolk weight particularly
with 10% of CO, SO, and high-olic acid SO but Hebert et al. (1987)
found neither 00 nor SO at 8% levels nor their principal fatty acids
at 6% level to affect yolk weight in the presence or absence of 1%
dietary cholesterol.

The difference may be due to the level of fat

used (10% versus 8%) based on reports by Perez-Buriel (1984) who found
a significant linear decrease in yolk weight with diets containing 0,
5, and 9% 00 and by Hebert et al. (1987) who found a 9% level of an 8
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to 1 mixture of SO and 00 to produce significantly lighter yolks than
a 2% level of a 1 to 1 mixture.

In the present experiments all diets

had a constant amount of fat in the diets, therefore most differences
in yolk weight were not entirely due to the oils but to dietary
cholesterol.
With no change in feed consumption due to the various lipids used
in this study, cholesterol intake was also unaffected except in
experiment 4 where hens fed 8% 00 consumed significantly less
cholesterol than hens given 8% SO with no effect on cholesterol
absorption.

Cholesterol excretion through the feces or its absorption

by the intestinal tract has been known to be influenced by dietary
fats or oils, with those that are saturated causing higher fecal
cholesterol excretion and therefore less intestinal absorption (Sim
and Bragg, 1980).

In the present study, cholesterol absorption was

not greatly affected by the several lipids used.

In experiment 2, 3

and 4 however, the saturated HCO and CO seemed to have lower
absorption rates than the unstaurated oils such as 00, SO, and TO,
but the differences were not significant.

Combining SO and 00 at

various ratios also did not cause different cholesterol absorption
rates.

In experiment 6 however, 9X TP caused laying hens to absorb

significantly less cholesterol than when TP and TO were used together
at 4.5JE levels each. Furthermore, when 00 and TO were compared at
various combinations, the combination with the highest or more 00
proportion caused higher cholesterol absorption rates than those in
which TO was the dominant triglyceride.

This indicates that TO may

depress Intestinal cholesterol absorption or promote its excretion via
the feces, but not to the same extent as CO as indicated in experiment
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2.

A possible explanation for the depressive effect of triolein on

cholesterol absorption may be due to its lower availability of bile
acids in the intestine as indicated by a lower bile volume produced by
TO compared to 00 in experiment 5.

It has been shown that bile acids

are needed for the absorption of dietary cholesterol in the intestinal
tract (Swell et al., 1955).

Also, the fatty acid analysis showed that

TO was contaminated with saturated fatty acids equivalent to 10% of
the total fatty acid content which conceivably may have affected
cholesterol absorption.

The difference in absorption due to the

saturated and unsaturated oils as mentioned above are not in complete
agreement with those of Sim et al. (1980) who found SO to
significantly increase cholesterol absorption (75.6%) as compared to
HCO (58.5Z) when 1% dietary cholesterol was used.

In this study,

absorption with SO was 63.3% and with HCO was 55.1%, but were not
significantly different.

One possible reason may be the method of

fecal cholesterol extraction since theirs was a more elaborate one
whereas in this study a new fast method was used as decribed in the
procedures section.

The amount of fecal cholesterol from hens fed no

cholesterol, however was quite constant in all the experiments (about
100 mg/hen/day).

The results also support the findings that

unsaturated oils promote highter cholesterol absorption than saturated
ones such as HCO, CO, and TP.

This being by virtue of the unsaturated

fatty acids (oleic and linoleic) which are more effective in the
solubilization or dispersion of cholesterol before intestinal
absorption (Pihl, 1955).
The few differences in cholesterol absorption observed by the
nature of the lipids used particularly when SO, 00 or TO were compared
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to HCO, CO or TP did not make any significant differences in the
incorporation of cholesterol in the yolk in favor of the unsaturated
lipids.

More responses were seen on liver and serum cholesterol

levels due to these lipids but not in absence of dietary cholesterol.
In experiment 1, HCO, lard and tallow were not significantly
different in their effect on yolk and liver cholesterol levels, liver
weight nor bile volume in absence of dietary cholesterol.

In the

presence of cholesterol however, yolk and liver cholesterol levels and
bile volume significantly increased.

There were no significant

differences in yolk cholesterol between the fat diets supplemented
with cholesterol but HCO showed slightly higher yolk cholesterol than
lard or tallow.

Liver cholesterol was significantly lower in the HCO

diet plus cholesterol than in the two other fats with cholesterol.

In

previous studies, when HCO was compared to lard and corn oil at 10Z
levels, the responses of both HCO and lard were similar to those in
this experiment (Daghir et al., 1965; Chung et al., 1965).

The higher

increase in liver cholesterol with lard and tallow is more likely due
to their higher oleic acid content which may have aided in the
absorption of cholesterol from the intestinal tract and subsequent
storage in the liver, but these differences were not carried on to the
yolk.
The Increase of bile volume due to cholesterol with all fats may
be a consequence of hepatic cholesterol overload which the liver may
be trying to reduce by Increasing production of bile acids and
secreting them into the gallbladder along with cholesterol.

Sim and

Bragg (1980), found dietary cholesterol to promote fecal bile acid
excretion which would require the liver to accelerate bile acid
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synthesis.

This mechanism is one of the avenues available to the

laying hen for the excretion of cholesterol as a protective measure
against hypercholesterolemia in the blood and tissues (Burczar, et
al., 1980).

The Increase in bile volume in response to cholesterol

feeding has been consistent in all six experiments, but some oils
seemed to affect bile volume more than others in presence of
cholesterol.

The unsaturated 00 at 6 or 8% levels seemed to increase

bile volume more than the saturated CO in experiments 3 and 4 while 8%
TO when compared to diets having 00 plus TO showed a lowered bile
volume (Exp. 5).

Interestingly however, bile volumes of hens given 9%

TP were significantly higher than those given 9% TO or a mixture of TP
and TO each at 4,5% levels.

There is no information in the literature

on the effect of lipids on bile volume per se, but one study in laying
hens found that birds fed 8% safflower oil excreted fecal bile acids
at four times more the rate of birds fed 8% HCO (Sim and Bragg, 1980).
Whether increased bile acid excretion is directly related to bile
volume is not known.

In experiment 2, addition of cholesterol to HCO,

00 and SO significantly Increased bile volume but there were no
differences among them despite lower liver cholesterol levels with
HCO.

This may be an indication that bile volume is not necessarily

related to fecal bile acid excretion.
Yolk and liver cholesterol changes in experiments 2 through 6 are
very much similar to those of experiment 1 in that none of these
parameters were influenced significantly by any of the oils and
triglycerides when they were fed to laying hens without dietary
cholesterol.
to layer diets

The inclusion of cholesterol with each of these lipids
significantly increased yolk and liver cholesterol
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levels.

All increases due to cholesterol and oil feeding within each

of the experiments were statistically the same with a few important
exceptions which will be discussed next.
When HCO (98.6% saturated) was compared to 00 (76.5%
raonounsaturated) and SO (77.2% polyunsaturated) in presence of
cholesterol in experient 2, yolk cholesterol and liver cholesterol
levels increased significantly with all three oils, but the increase
in yolk cholesterol with HCO was significantly higher than the
increases with 00 or SO.

This occurred dispite the significant

differences in liver cholesterol levels between HCO and 00, with HCO
showing the lowest levels and 00 the highest.

This indicates that

higher liver cholesterol levels do not necessarily promote higher yolk
cholesterol levels under a dietary cholesterol regime, and that the
fatty acid composition of HCO or CO are in some way promoting higher
cholesterol incorporation into the yolk than oleic acid itself from
00.

Sim and Bragg (1977) suggested that HCO may be more

hypercholesterogenic than unsaturated oils, but this theory
contradicts evidences showing that cholesterol synthesis by the liver
is less with animal fat (saturated) than with SO (Weiss et al.,
1967b).
According to the studies of Sim and Bragg (1978), when HCO plus
cholesterol was fed to laying hens, no or small amounts of fatty acids
with a chain-length shorter than 14-carbon atoms were detected in the
liver, serum and egg yolk lipids.

Chung et al. (1965) also reported

similar results on serum, liver and yolk cholesterol ester fatty acid
composition.

HCO is high in these short chain fatty acids containing

about 3.85, 50.69 and 21.11% caprylic (10:0), lauric (12:0) and
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myristic (14:0) acids respectively.

The findings of these two groups

of researchers are very important in that the short-chain fatty acids
supplied by HCO or CO are
the laying hen.

converted to longer chain fatty acids by

Indeed, higher levels of palmitic (16:0) and oleic

(18:1) acids in these tissues were detected when HCO was used as
opposed to SO (Sim and Bragg, 1978).

Furthermore, Chung et. al.

(1965) reported the increase in the proportion of oleic acid to be
twice as great on the cholesterol ester fraction of the yolk, and 31%
more on liver triglyceride when cholesterol was consumed with HCO than
with corn oil (83% unsaturated).

These researchers, however, did not

measure cholesterol levels in the liver or yolk but in a previous
study, Sim and Bragg (1977) found 8% HCO to promote significantly more
yolk cholesterol than SO supporting the present results from
experiment 2 as mentioned above.

Results on the fatty acid changes on

the ester fraction of serum cholesterol in experiment 2 showed similar
trends in that serum cholesterol ester levels were significantly
greater with HCO feeding than 00 or SO feeding.

Serum cholesterol

oleate (18:1) was also significantly greater with HCO as compared to
SO and 23% greater (non significant) as compared to 00.

In presence

of dietary cholesterol however, serum cholesterol ester and serum
cholesterol oleate (18:1) levels were still significantly greater with
HCO than with SO, but was the opposite when compared to 00.
Interestingly and perhaps an important study which may help
explain the reason for the higher ability of HCO to increase yolk
cholesterol levels more than SO or 00, are the results from experiment
6 in which TP (100% palmitic acid, 16:0) and TO (78% oleic acid, 18:1)
were compared to each other with or without dietary cholesterol.

This
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experiment has shown that feeding laying hens pure TP at 9% or at 4.5JE
with 4.5IE TO in presence of dietary cholesterol yielded significantly
greater yolk and liver cholesterol levels than when 9% TO was used.
This was not expected based on the inferior absorbability of palmitic
acid than oleic acid in the intestinal tract (Renner and Hill, 1961).
Significant increases in serum cholesterol ester levels and twice the
amount of cholesterol oleate (18:1) was also observed with the 9% TP
and the combined TP plus TO diets.

Furthermore, cholesterol palmltate

(16:0) in the serum was found at low levels Indicating that a
conversion or synthesis of oleic acid

from palmitic acid had taken

place.

in the work of Sim and Bragg,

This suggestion finds support

(1978) who suggested that hens are stimulated to increase oleic acid
synthesis mainly from palmitic and/or stearic acids after observing a
decrease of these fatty acids when SO
After considering these findings

or HCO were fed to hens.
as reviewedabove in relation to

HCO, 00, T P , and TO and their effect mainly on yolk
suggested that the superior capacity of HCO or TP

cholesterol, it is
to increase

cholesterol in the egg yolk rests on the ability of

these lipids to

promote higher synthesis of oleic acid from lauric,

myristic or

palmitic acids and subsequently more serum cholesterol oleate as
compared to those of SO and TO. In the case of 00 plus dietary
cholesterol however, all forms of serum cholesterol levels, including
cholesterol oleate were up to 3 times more than those from HCO plus
cholesterol.

However, these increases did not cause serum cholesterol

to be incorporated into the yolk at higher rates as it did when HCO
was used.

This suggest several things: one, that the hens have the

ability to limit excess incorportation of cholesterol into the yolk to
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protect the chick embryo from possible harm; two, excessive serum
cholesterol (total, ester, free or cholesterol oleate) may have a
negative effect on cholesterol deposition into the yolk; and three,
synthesized serum cholesterol ester, particularly oleate from newly
synthesized oleic acid from oils high in the lower saturated fatty
acids such as HCO or CO may be preferentially deposited in the yolk as
opposed to those in which oleic acid is directly provided by the diet.
The above results in terms of the effect of HCO or CO on yolk
cholesterol levels and on serum cholesterol ester levels are in
agreement with those of Chongcharoenchai (1984) who also experienced
significantly higher levels of yolk cholesterol with CO than with
high-oleic acid safflower oil in presence of cholesterol, and the same
significant differences on serum cholesterol ester levels without
dietary cholesterol.

Laurie (12:0) and myristic (14:0) acid contents

in HCO and CO are esentially the same and therefore these acids again
find themselves influencing yolk and serum cholesterol more than oleic
acid as discussed earlier.

In experiment 3, CO was used but no

difference was observed when compared to 00 or TO in both yolk and
liver cholesterol levels with or without cholesterol, but higher serum
cholesterol levels were obtained without cholesterol supplementation.
The reason why there was no difference in yolk and liver cholesterol
levels between CO and 00 or TO as there was between CO and high-oleic
SO in Chongcharoenchai's work is explained by the higher capacity of
00 to Increase cholesterol in these tissues than high-oleic SO as
Chongcharoenchai’s work also showed.

It appears from experiments 3

and 5 of the present study that TO also has the same capacity as 00 to
raise cholesterol levels in the yolk and liver at 8% levels.

Feeding
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these two lipids at different ratios (6-2, 4-4, 2-6) did not make any
difference in yolk cholesterol levels but having TO in the mixture
decreases liver cholesterol significantly showing again that these
decreases did not Influence incorporation of cholesterol in the yolk.
Several studies have shown that oleic acid is predominantly found in
most tissues including the yolk irrespective of the lipid source
{Chang et al., 1966; Sim and Bragg, 1978).

The lack of TO to increase

further yolk cholesterol as compared to 00 may be due to its excess
oleic acid content which conceivably could have a depressive effect on
the way cholesterol is incorporated in the yolk or liver.

This

depression was clearly observed in experiment 6 where the level of
yolk cholesterol as influenced by 9% TO feeding was significantly
lower (16.88 mg/g yolk)than that of 9% to TP (20.75 mg/g yolk) or that
of 4.5% TP plus 4.5% TO (29.94 mg/g yolk).

The same was true for

liver cholesterol (6.0 versus 15.2 and 11.0 mg/g liver, respectively).
Another possible cause for the lower responses from TO may be that it
was found to be contaminated with other saturated and unsaturated
fatty acids such as palmitic, stearic and linoleic acids.
Nevertheless, about 78% was still as oleic acid.
The increase in yolk cholesterol with 8% SO or 00 in presence of
1% dietary cholesterol was the same as indicated in experiment 2.
Olive oil promoted higher accumulation of cholesterol in the liver
than SO as indicated by the significant differences between both oils.
Combining the two oils at 6-2, 4-4 and 2-6% of SO and 00 respectively
in experiment 4 did not make any difference in yolk cholesterol
levels.

The ability of 00 to increase liver cholesterol was observed

again as more 00 in the SO-OO mixture gradually increased it until
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differences between the two oils fed alone became significant.

These

observations agree somewhat with those of Perez-Buriel (1984) in that
00 does seem to affect liver cholesterol more than SO but this
researcher also found that 00 significantly increased yolk cholesterol
at 5 and 9!! levels.

He concluded that oleic acid was more critical

than linoleic acid in altering cholesterol levels in the yolk and
liver.

Based on the present studies both acids had the same influence

on yolk cholesterol whereas in the liver, oleic acid may be more
influenclal.

In young chicks, 6% dietary oleic acid yielded

significantly higher liver cholesterol levels than when 6% linoleic
acid was used (Teekell et al., 1975).
The enhancement of liver cholesterol due to olive oil may not be
entirely due to increased cholesterol absorption as Perez-Buriel
(1984) assumed.

In experiments 2 and 4, cholesterol absorption was

the same for both oils and their combinations.

The enhancement may be

mostly due to the greater Increase in cholesterol ester levels in the
liver as reported by Chung et al. (1965) with lard (50% oleic acid)
plus cholesterol feeding.

In experiments 2 and 4, higher esterified

serum cholesterol and cholesterol oleate levels were also observed
with 00 than with SO.

The large influx of absorbed oleic acid into

the blood apparently increased esterification of cholesterol by the
enzyme lecithin-cholesterol-acyltransferase (LCAT) which appears to
have higher specificity for oleic acid than linoleic acid (Noble et
al. , 1977).

The large amount of oleic acid in the liver can also

Increase cholesterol esterification by liver acyl-CoA-cholesterol
acyltranBferase (ACAT) which also appears to prefer oleic acid
(Erickson et al., 1980).

It is probable then that the greater
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Increase In total liver cholesterol with 00 may be due to greater
storage and production of serum cholesterol esters and particularly
serum cholesterol oleate and its accumulation and production of the
same in the liver.

More importantly however, these differences in

serum and liver cholesterol ester levels, especially cholesterol
oleate do not seem to make any difference on yolk cholesterol levels
when 00 or SO and by that matter when CO, tallow or lard are used in
the diets of laying hens.

As previously discussed however, in the

case of HCO and TP, this may not be the case.
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CONCLUSIONS
The following conclusions seem appropriate for the results of the
present investigation:
1.

Egg yolk cholesterol increases linearly with 0, 0.5, and 11
dietary cholesterol after 9 days consumption.

2.

A quadratic response in yolk cholesterol can be expected with
exposures to higher than 1% dietary cholesterol (up to 4£) and
for longer than 9 days of feeding (up to 21 days).

3.

The feeding of 8% hydrogenated coconut oil (HCO), coconut oil
(CO), lard, tallow, safflower oil (SO), olive oil (00), triolein
(TO) or 91 tripalmitin (TP) and TO did not cause significant
differences on most variables measured.

HCO showed significantly

higher serum cholesterol levels when compared to SO or 00.

4.

Addition of 1% dietary cholesterol to all of these lipids,
irrespective of their degree of saturation, consistently
increased yolk and liver cholesterol in a significant manner.

TO

appeared to depress increases in liver cholesterol.

5.

Hydrogenated coconut oil significantly increased yolk cholesterol
levels more than SO or 00 in presence of 1% dietary cholesterol.
The same superior effect was observed when TP was compared to TO.
This indicates that lauric (12:0), myristic (14:0) and palmitic
acids (16:0) may play important biochemical roles in the
incorporation of cholesterol into the egg yolk.

139
6.

As main effector, 1% dietary cholesterol significantly increased
serum total, ester and free cholesterol levels as well as most
serum cholesterol esters and particularly serum cholesterol
oleate.

7.

Dietary 00 plus cholesterol caused the greatest increase in serum
cholesterol parameters, and replacing 00 with increaseing TO
levels caused further increases but ester/free ratios were not
affected.

8.

The

saturated lipids HCO and

cholesterol promoted higher

TP in presence of dietary
levels of total and esterified serum

cholesterol, serum cholesterol oleate, and serum cholesterol
oleate to llnoleate ratios as compared to the unsaturated SO or
TO.

9.

The

increase in bile volume

may indicate efforts by the

due to dietary cholesterol feeding
laying to maintain normal levels of

cholesterol in the liver and blood.

10.

Possible increases in cholesterol absorption due to the lipids
did not affect yolk cholesterol concentrations indicating an
efficient regulatory system by the ovary of the laying hen for
cholesterol deposition into the yolk.
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TABLE 51.

Analysis of variance for feed intake, total number of eggs

and yolk weight (Fxp. 1),

Mean Squares
Source
of
variance

Degrees
of
freedom

Feed
intake

Total number
of eggs

Yolk
weight

Block

3

137.953

1.500

0.421

Oil (0)

2

10.842

0.083

0.253

Cholesterol (C)

1

58.148

0.166

1.450

0 x C

2

64.661

1.083

0.603

15

1429.905

21.000

12.741

Residual
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TABLE 52,

Analysis of variance for egg yolk cholesterol and bile

volume (Exp, 1).

Mean Squares
Source
of
variance

Yolk cholesterol

Degrees
of
freedom

mg/g yolk

mg/whole yolk

Bile
volume

Block

3

3.299

876.796

1.939

Oil (0)

2

0.223

275.337

0.215

Cholesterol (C)

1

506.460**

130578.065**

5.716

0 x C

2

0.296

472.778

0.111

15

9.153

4029.312

**

Residual

**

A*

P <.01.
Degree of freedom is 14.

0.9741
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TABLE 53.

Analysis of variance for liver weight and liver cholesterol

(Exp. 1).

Mean Squares
Source
of
variance

Degrees
of
freedom

Liver
weight

Liver
cholesterol

Block

3

0.729

0.595

844.817

Oil (0)

2

3.462

16.278

8480.922*

Cholesterol (C)

1

17.450

214.562

0 x C

2

44.540

19.600

7152.665

15

93.640

47.859

24374.987

Residual

P <.05.
**

P <.01.

**

Whole liver
cholesterol

96299.713**
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TABLE 54.

Analysis of variance for serum cholesterol parameters

(Exp, 1).

Mean Squares
Source
of
variance

Degrees
of
freedom

Serum cholesterol
Total

Ester

Free

Ratio
(ester:free)

O

Oil (0)

2

8412.385

Cholesterol (C)

1

21308.461*

4793.078* 5541.756*

0.130

0 x C

2

12836.575

3649.518

2138.390

0.093

14

33888.374

7719.982

9517.395

0.628

Residual

*P < . 0 5 .

CM

6869.257

<T

3

r-H

Block

1855.438

0.118

1899.599

2204.495

0.234
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TABLE 55.

Analysis of variance for cholesterol intake, excretion and

absorption (Exp. 1).

Source
of
variance

Degrees
of
freedom

Mean Squares
-------------------------------------Cholesterol Cholesterol
Cholesterol
intake
excreted
absorbed

Block

3

0.003

0.027

343.634

Oil (0)

2

0.002

0.000

11.045

Cholesterol (C)

1

6.703*

1.103*

0 x C

2

0.002

0.010

15

0.036

0.100

Residual

Degree of freedom is 6
*

^

P < .05.

266.3081

TABLE 56.

Analysis of variance for serum cholesterol esters (Exp. 1).

Mean Squares
Degrees
or
freedom

Serum cholesterol esters
14:0

16:0

16:1

18:0

18:1

18:2

Block

3

33.675

25.108

2.565

4.716

697.863

38.405

Oil (0)

2

6.420

12.147

0.456

1.053

1049.788

38.390

Choles (C)1

1

2.830

9.153

3.027

6.622

2127.450

180.508

o
X
o

Source
or
variance

2

10.645

19.526

0.653

4.183

1454.097*

148.759

14

56.915

57.769

15.504

21.932

2805.692

319.052

*

Residual

*

*

^Cholesterol
*P <.05.
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TABLE 57.

Analysis of variance for feed intake, total number of eggs

and yolk weight (Exp. 2).

Mean Squares
Source
of
variance

Degrees
of
freedom

Feed
intake

Total number
of eggs

Yolk
weight

Block

3

457.072*

1.939

0.972

Oil (0)

2

90.487

0.665

1.126

Cholesterol (C)

1

85.019

0.041

11.441

0 x C

2

89.714

9.070

5.756

13

546.468

9.055

13.170

Residual

*p ^.05.

**
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TABLE 58.

Analysis of variance for egg yolk cholesterol and bile

volume (Exp, 2),

Mean Squares
Degrees
of
freedom

Yolk cholesterol
mg/g yolk

mg/whole yolk

Bile
volume

Block

3

14.818*

3221.982

0.516

Oil (0)

2

4.942

1304.065

0.177

Cholesterol (C)

I

321.028**

60183.231**

5.655

o
X
n

Source
of
variance

2

1 .424

1309.001

0.139

13

11.703

4169.476

2.9001

Residual

Degree pf freedom is 12.
*

p ^ .01.
*P < . 0 5 .

**
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TABLE 59.

Analysis of variance for liver weight and liver cholesterol

(Exp. 2).

Mean Squares
Source
of
variance

Degrees
of
freedom

Liver
weight

Block

3

61.093*

0.990

Oil (0)

2

52.068*

54.459

Cholesterol (C)

1

1.355

173.338

0 x C

2

28.670

51.452

13

68.377

5.091

Liver
cholesterol

Whole liver
cholesterol

1623.641
aa

**

52554.286**
**
89081.025

AA

Residual

P <.05.
P <.01.

50030.155**
5139.127
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TABLE 60.

Analysis of variance for serum cholesterol parameters

(Exp. 2).

Mean Squares
Source
of
variance

Degrees
of
freedom

Serum cholesterol
Total

Block

3

6265.74

Oil (0)

2

23475.58

8004.48

Cholesterol (C)

I

26509.58**

0 x C

2
12

Ra
Ester

Free (ester:free)

830.31*

3363.252

0.484

4568.138*

0.051

7932.31

5918.029**

0.036

31222.92

10435.49

6100.388**

0.194

6729.98

914.11

4565.726

1 .996

**

AA

AA
AA

Residual

P < .05.
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TABLE 61.

Analysis of variance for cholesterol intake, excretion and

absorption (Exp. 2)

Mean Squares
Source
of
variance

Degrees
of
freedom

Cholesterol
intake

Cholesterol
excreted

**

Cholesterol
absorbed

Block

3

0.195

Oil (0)

2

0.051

Cholesterol (C)

1

5.262

0.765

-

0 x C

2

0.002

0.012

-

0.033

0.050

0.041*
**

Residual

13

^Degrees of freedom is 4.
P < .05.
P « .01.

118.125

0.003
**

90.441

**

176.3391

TABLE 62.

Analysis of variance for serum cholesterol esters (Exp. 2).

Mean Squares
Source
of
variance

Degrees
of
freedom

Serum cholesterol esters
14:0

Block

3

41.314

Oil (0)

2

19.710

Choles (C)^

1

27.823

0 x C

2

52.768

32.661

4.846

6.284

4744.225

250.319

12

12.953

9.124

1.298

2.116

222.153

158.128

16:0
**

5.534

**
**

**
7.783

18:0

1.005

25.592

**

Residual

16:1

2.728

AA

**

**
5.797
2.567

2.465
**

18:2

233.035

1.361

**

**

18:1

13.077
**

5252.871
**

4105.471

**

39.730

**

**
188.295
**

**

^Cholesterol

159

160

TABLE 63.

Analysis of variance for feed intake, total number of eggs

and yolk weight (Exp.. 3).

Mean Squares
Degrees
of
freedom

Feed
Intake

Block

3

202.170

11.666

3.908

Oil (0)

2

83.226

1 .583

4.145

Cholesterol (O

1

8.846

2.666

0.026

0 x C

2

717.005

13.083

3.060

15

2641.105

34.333

15.076

Source
of
variance

Residual

Total number
of eggs

Yolk
weight

161

TABLE 64.

Analysis of variance for egg yolk cholesterol and bile

volume (Exp. 3).

Mean Squares
Source
of
variance

Degrees
of
freedom

Yolk cholesterol
mg/g yolk

mg/whole yolk

Bile
volume

Block

3

8.678

1618.022

0.578

Oil (0)

2

3.744

5443.634

0.452

Cholesterol (C)

1

336.039

92273.050**

3.681

0 x C

2

0.938

2545.386

1 .185

15

32.671

11170.445

2.686

Residual

**

**
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TABLE 65.

Analysis of variance for liver weight and liver cholesterol

(Exp. 3).

Mean Squares
Source
of
variance

Degrees
of
freedom

Liver
weight

Liver
cholesterol

Block

3

59.880

8.375

Oil (0)

2

2.756

1.339

Cholesterol (C)

1

45.816

0 x C

2

0.422

1.774

15

112.056

90.855

Residual

*P ^ .05.

*

337.650

Whole liver
cholesterol

4138.404
1546.204
**
180286.659
929.886
44476.812
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TABLE 66.

Analysis of variance for serum cholesterol parameters

(Exp. 3).

Mean Squares
Source
of
variance

Degrees
of
freedom

Total

Block

3

5706.00

2987.92

700.14

3.318

Oil (0)

2

10675.69

2933.92

3650.91

0.861

Cholesterol (C)

1

20992.92**

6552.16

3717.32*

0.858

0 x C

2

25764.14*

12120.75

2619.45

3.059

35813.91

29403.80

10000.19

17.404

Residual

*P <.05.
p <. 01.

15

Serum cholesterol

Rat
Ester

Free

(ester'.free)

164

TABLE 67.

Analysis of variance for cholesterol intake, excretion and

absorption (Exp. 3).

Mean Squares
Source
of
variance

Degrees
of
freedom

Cholesterol
intake

Cholesterol
excreted

Cholesterol
absorbed

Block

3

0.034

0.045

517.128

Oil (0)

2

0.010

0.034

274.787

Cholesterol (C)

1

7.249

2.167

0 x C

2

0.010

0.054

15

0.111

0.179

Residual

^Degrees of freedom is 6.
**

V < . 01.

**

**

1412.0051

TABLE 68.

Analysis of variance for serum cholesterol esters (Exp. 3).

Mean Squares
Source
of
variance

Degrees
0£
freedom

Serum cholesterol esters
14:0

16:0

16:1

18:0

18:1

18:2

Block

3

4.524

10.632

1.198

1.895

1302.358

256.639

Oil (0)

2

11.991

6.657

0.593

1.482

2218.807

71.929

Choles (C)1

1

25.502

1.278

0.478

3.071

3760.602

184.867

0 x C

2

24.538

68.597

1.805

10.853

4621.419*

539.017

14

104.224

147.228

6.141

27.389

Residual

^Cholesterol

10783.982

1959.179
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TABLE 69.

Analysis of variance for feed intake, total number of eggs

and yolk weight (Exp'. 4).

Mean Squares
Source
of
'*ariance

Degrees
of
freedom

Feed
intake

Total number
of eggs

Yolk
weight

Block

3

276.703

10.500

3.680

Oilmix (OM)

2

876.848

7.400

0.098

Cholesterol (C)

1

38.304

1.600

2.970

OM x C

2

660.041

8.900

10.693

27

2908.508

53.500

31.536

Residual
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TABLE 70.

Analysis of variance for egg yolk cholesterol and bile

volume (Exp. 4).

Mean Squares
Source
of
variance

Degrees
of
freedom

Yolk cholesterol
mg/g yolk

mg/whole yolk

m
1a
niie
volume

Block

3

5.048

3780.286

1 .720

Oilmix (OM)

4

1.677

1005.339

2.336

Cholesterol (C)

1

669.819**

OM x C

4
27

**

Residual

A*

177660.574

11.772

4.067

5298.334

0.614

32.163

17792.020

14.706
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TABLE 71.

Analysis of variance for liver weight and liver cholesterol

(Exp. 4).

Source
of
variance

Degrees
of
freedom

Mean Squares
--------------------------------------Liver
Liver
Whole liver
weight
cholesterol
cholesterol

Block

3

4.888

14.416

6994.351

Oilmix (OM)

4

48.035

68.139

46428.642

Cholesterol (C)

1

5.170

1007.714**

463918.775**

OM x C

4

60.264

58.284

39331.234

27

226.407

344.490

157800.590

Residual
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TABLE 72.

Analysis of variance for serum cholesterol parameters

(Exp. 4).

Mean Squares
Source
of
variance

Degrees
of
freedom

Total

Block

3

Oilmix (OM)

4

Cholesterol (C)

]

OM x C

4

3980.04

525.10

3126.90

26

92632.08

17951.40

40976.85

Residual
*P < . 0 5 .

Serum cholesterol
Ratio
(es ter:free)

Ester

Free

14559.72

3980.25

8391.80

0.538

1594.78

1013.66

415.77

0.218

49799.27** 13367.34**11329.46*

0.007
0.160
6.007
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TABLE 73.

Analysis of variance for cholesterol intake, excretion and

absorption (Exp. 4).

Source
of
variance

Degrees
of
freedom

Mean Squares
------------------------------------Cholesterol Cholesterol
Cholesterol
intake
excreted
absorbed

Block

3

0.021

0.010

42.253

Oilmix (OM)

4

0.022

0.034

135.273

Cholesterol (C)

1

OM x C

4

0.022

0.016

27

0,114

0.074

**

Residual

^Degree of freedom is 12

13.330**

1.782

293.3421

TABLE 74.

Analysis of variance for serum cholesterol esters (Exp. 4).

Mean Squares
Degrees
of
freedom

14:0

Block

3

13.751

Oilmix (OM)

4

Choles (C)1
OM x C

Source
of
variance

Residual

Serum cholesterol esters
16:0

16:1

4.430

0.971

0.810

2695.624

135.318

0.480

5.188

0.761

1.055

376.398

287.600

1

0.921

16.952*

4.147

8.673

6231.804**

615.472

4

0.597

1.464

0.295

0.069

330.455

94.968

25

7.411

61.620

5.529

12.855

7741.776

1644.793

**

18:0

18:1

18:2

**

**

**

Cholesterol
*P <.05.
**

P < .01.
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TABLE 75.

Analysis of variance for feed Intake, total number of eggs

and yolk weight (Exp. 5),

Mean Squares
Source
of
variance

Degrees
of
freedom

Feed
intake

Total number
of eggs

Yolk
weight

Block

3

602.631

0.921

18.721*

Oilmix (OM)

4

288.382

5.223

4.699

Cholesterol (C)

1

114.336

0.043

9.935*

OM x C

4

145.665

4.268

9.227

24

2252.252

26.354

34.842

Residual

*P < . 0 5
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TABLE 76.

Analysis of variance for egg yolk cholesterol and bile

volume (Exp. 5).

Mean Squares
Source
of
variance

Degrees
of
freedom

Yolk cholesterol
mg/g yolk

mg/vhole yolk

Bile
volume

Block

3

0.824

6951.239

1.766

Oilmix (OM)

4

11.618

6204.723

2.880*

Cholesterol (C)

I

677.263

OM x C

ti

**

Residual

24

Degree pf freedom Is 23.
*

p ^ .05.
P <. 01.

**
161930.419**

9.619

10.806

10722.146

0.900

48.740

26506.562

5.8701

174

TABLE 77.

Analysis of variance for liver weight and liver cholesterol

(Exp. 5).

Source
of
variance

Degrees
of
freedom

Mean Squares
--------------------- ------------------Liver
Liver
Whole liver
weight
cholesterol
cholesterol

5.773*

Block

3

149.011*

Oilmix (OM)

4

3.161

41.652

Cholesterol (C)

1

48.266*

552.844

OM x C

4

46.091

42.746

28023.15**

24

210,350

13.907

34249.53

Residual

*P <.05.

3268.95

**
22021.19
**

**
298431.45

**
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TABLE 78.

Analysis of variance for serum cholesterol parameters

(Exp. 5).

Mean Squares
Source
of
variance

Degrees
of
freedom

Serum cholesterol
Total

Block

3

4211.70

1117.65

4276.37

1.52

Oilmix (OM)

4

74949.92*

13697.79*

26132.00*

0.66

Cholesterol (C)

1

OM x C

4

62248.11

7782.37

22

131044.60

27593.72

Ratio
Ester

Free

(ester:free)

AA

Residual

*P <.05.
AA

P <-01.

194309.40** 37914.22** 63282.30

0.19

26088.05*

].05

50750.42

5.41

176

TABLE 79.

Analysis of variance for cholesterol intake, excretion and

absorption (Exp, 5)

Mean Squares
source
of
variance

uegrees
of
freedom

Cholesterol
intake

Cholesterol
excreted

Cholesterol
absorbed

0.044*

195.208

Block

3

0.093

Oilmix (OM)

4

0.272

Cholesterol (C)

1

11.511

1.359

OM x C

4

0.004

0.083

24

0.160

0.093

Residual

* Degree of freedom is 10
A*

p <.oi.
*F <.05.

**

**
0.144

**

893.865
**
**
398.3001

TABLE 80.

Analysis of variance for serum cholesterol esters (Exp. 5).

Mean Squares
Source
of
variance

Degrees
or
freedom

Serum cholesterol esters
16:0

14:0

18:0

16:1

0.965

0.445

3.707

5.672

Block

3

14.559

4.881

Oilmix (OM)

4

16.503

52.110

Choles (C)1

1

19.075

78.248

8.314

OM x C

4

7.481

27.020

1.904

7.128

22

42.875

101.845

9.441

8.540

Residual

18:2

536.693

166.829

5836.064

754.138

*

A

*

18:1

aa

**

aa

12.252

A*

aa

19389.421

1303.416

3665.751

353.894

12875.789

1812.557

**

Cholesterol
*P s£.05.
**
P ^.01

177

178

T A B L E 81.

A n a l y s i s of v a r i a n c e

and y o l k w ei g h t

for feed intake,

total n u m b e r of eggs

(Exp. 6).

Mean Squares
Source
of
variance

Degrees
of
freedom

Total number
of eggs

Feed
Intake

Yolk
weight

*

Block

4

1287.575

11.419

6. 174

Tripalmitin (TP)

1

45.356

1.178

14.089

Triolein (TO)

1

4.669

0.091

0.215

TP x TO

1

6.089

0.689

0.076

Cholesterol (C)

1

25.326

1.934

0.063

TP x C

1

81.736

0.591

1.701

TO x C

1

208.603

3.677

0.512

TP x TO x C

1

260.531

0.194

0.975

25

1991.408

47.249

71 .136

Residual

*P ^ ,05
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TABLE 82.
vo lu m e

A n a l y s i s of v a r i a n c e for egg y o l k c h o l e s t e r o l and bile

(Exp.

6).

Mean Squares
Yolk cholesterol

Degrees
of
freedom

mg/g yolk

Block.

4

15.495

Tripalmitin (TP)

1

64,827

6733,41*

1.447*

Triolein (TO)

1

9.457

3803.54

0.271

TP x TO

1

1.605

692.80

0.667

Cholesterol (C)

1

416,123

134641.47**

7,805

TP x C

1

42.991

7453.13

0.819

TO x C

1

7.309

1522.46

0.004

TP x TO x C

1

18.337

9156.47

0.438

25

59.906

32077.04

Source
of
variance

mg/whole yolk

665.40

Bile
volume

0.765

AA

AA

AA

AA

Residual

Degrees of Freedom is 24
*P < .05.
**

P <.01.

6.4561
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TA B L E 83.
(Exp.

A n a l y s i s of v a r i a n c e

for l i v e r w e i g h t

and

liver cholesterol

6).

Mean Squares
source
of
variance

of
freedom

Liver
weight

Liver
cholesterol

Whole liver
cholesterol

Block

4

6.581

4.935

Tripalmitin (TP)

1

3.413

198.524

Triolein (TO)

1

0.003

2.057

1219.19

TP x TO

1

2.316

0.298

10.70

Cholesterol (C)

1

334.910

TP x C

1

11.116

153.758

TO x C

1

9.567

3.107

1012.07

TP x TO x C

1

35.038

0.041

2954.78

25

260.815

64.562

82919.06

Residual
*i *

P <.0 1.

**

233.342

8734.16
132611.46**

AA
**

221026.37**
113258.08**
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TABLE 84.

Analysis of variance for serum cholesterol parameters

(Exp. 6).

Mean Squares
Source
of
variance

Degrees
of
freedom

Serum cholesterol
Total

Ester

Free

Rat lo
(ester:free)

6431.52

0.901

5412.29

1974.05

0.420

406.96

243.27

130,44

0.137

1

7142.39

800.89

3394.19

0.035

Cholesterol (C)

1

30537.27

7599.36

7183.32

0.002

TP x C

1

3805.85

953.63

926.62

0.026

TO x C

1

0.40

158.57

50.98

0.030

TP x TO x C

1

322.49

3.65

980.81

0.002

25

58823.94

11604.84

43464.69

2.572

Block

4

8810.23

2946.39

Tripalmitin (TP)

1

12455.34*

Triolein (TO)

1

TP x TO

AA

AA

A*

Residual

*P <.05.
AA
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T A B L E 85.

A n a l y s i s of v a r i a n c e for c h o l e s t e r o l intake,

absorption

(Exp. 6),

ex c r e t i o n and

Mean Squares
Source
of
variance

Degrees
of
freedom

Cholesterol
intake

Cholesterol
excreted

Cholesterol
absorbed

Block

4

0.075

0.076*

356.144

Tripalmitin (TP)

1

0.044*

0.020*

14.346

Triolein (TO)

1

0.017

0.000

TP x TO

1

0.026

0.076

Cholesterol (C)

1

9.284

2.046

-

TP x C

I

0.000

0.000

-

TO x C

1

0.003

0.028*

-

TP x TO x C

1

0.006

0.030*

-

25

0.178

0.117

**
508.505
**
**

**

Residual

^Degrees of freedom is 10
*P <.05.
** P ^^ .01 -

916.006**

424.2I41

TABLE 86.

Analysis of variance for serum cholesterol esters (Exp. 6).

Mean Squares
Source
of
variance

Serum cholesterol esters

Degrees
freedom

14:0

16:1

18:0

18:1

4

33.914

6.751

2.321

1.019

1407.432

Tripalmitin (TP) 1

1.023

2.755

2.007

0.969

3829.426**

Trloilein (TO)

1

0.465

18.763*

0.065

0.156

71.736

7.943

TP x TO

1

1.176

22.405*

0.006

0.381

232.123

43.057

Cholesterol (C)

1

1.336

19.558*

4.585

4.381

3563.400**

TP x C

1

0.046

3.061*

0.382

0.180

993.111*

0.061

TO x C

1

5.887

1.014

0.064

0.209

39.388

7.120

TP x TO x C

1

0.281

8.051

0.202

0.002

9.977

4.947

25

40.356

81.557

12.247

9.605

4829.623

679.096

Block

16:0

**

Residual

18:2

292.930
74.255

**
393.605
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TABLE 87.

Analysis of variance for the ratio of cholesterol oleate

to linoleate in the serum (Exp. 4).

Mean Square
Source
of
variance

Degrees
of
freedom

Ratio
.
(18:1/18:2)

Block

3

4.035*

Oilmix (OM)

4

7.789

Cholesterol (C)

1

5.310

OM x C

4

1.064

25

10.212

AA
AA

Residual

cholesterol oleate and linoleate ratio.

*P ^ .05.
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TABLE 88.

Analysis of variance for the ratio of cholesterol oleate to

linoleate in the serum (Exp. 5).

Mean Square
Source
of
variance

Degrees
of
freedom

Ratio
.
(18:1/18:2)

Block

3

1.727

Oilmix (OM)

4

0.335

Cholesterol (C)

1

9.270

OM x C

4

0.573

22

7.960

Residual

cholesterol oleate and linoleate ratio.

**
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TABLE 89.

Analysis of variance for the ratio of cholesterol oleate

to linoleate in the serum (Exp. 6).

Mean Squares
Source
of
variance

Degrees
of
freedom

Ratio
.
(18; 1/18:2)

Block

4

0.833

Tripalmitin (TP)

1

8.305

Triolein (TO)

1

0.012

TP x TO

1

0.107

Cholesterol (C)

1

1.234

TP x C

1

2. 148

TO x C

1

0.065

TP x TO x C

1

0.076

25

3.933

**

Residual

cholesterol oleate and linoleate ratio.
**

P ^ .01.
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